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This  lepoit  investigates  the  flie  characteristics  and  reliability  of  cast  coil  t>pc  transformers.  A  litcratuic 
search  was  conducted  and  a  questionnaire  drafted  requesting  information  from  the  manufacturers  of  ca.st  coil 
type  transfoimcrs.  Abstracts  from  the  National  Hre  Protection  Association  were  reviewed  to  locate  possible 
fires  involving  cast  coil  transformers.  Testing  was  perfonned  by  the  Idaho  National  Engineering  Laboratory 
and  independent  testing  firms.  Re.sul  ts  of  this  research  and  general  industry  usage  indicate  that  ca.st  coil  tiaas- 
formers  reduce  ri.sk  to  the  user  compared  to  liquid-filled  unit.s.  eliminate  environmental  impacts,  arc  more 
efficient  than  most  transfoimcr  designs,  and  add  minimal  risk  to  the  facility  in  a  fire  situation.  Ca.st  coil 
traasfoimcrs  have  a  long  record  of  operation  and  have  proven  to  be  reliable  and  efficient. 
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SUMMARY 


Cist  coil  tODsfonnen  have  been  ined  for  apfxoxi- 
maidy  20  yean  in  Eorope  This  lechnotogy  bas  also 
been  used  in  die  Umied  Stales  for  IS  yean.  Cast  cofl 
nansfiannen  offia- several  feanues  dot  other  diy-type 
transfonners  do  not  These  devices  fill  many  of  tte 
needs  of  todaqr’s  power  (fistiibaiioo  systems.  Changes 
in  the  codes  and  legaladoas  have  taadt  the  cast  cod 
tcansfonner  more  aitiactive  for  many  apidications  as 
compared  to  other  nansfonnen  availiUe  today. 

R^nlatioas  regarding  the  use.  placement  of.  and 
restrictions  on  liquid-filled  tnmsfoimeis  have  led  to  an 
expanding  interest  in  the  use  of  dry-type  tiansfonnec. 
Btmning  the  use  of  askard  as  a  high-fire  point  insulat¬ 
ing  liquid  has  also  spawned  added  interest  in  the  cast 
coilto±noiogy. 

Castcoii  uansformeis  offer  the  user  a  high  leveled 
reliability  under  varied  operating  conditions.  The 
iiansfonners  may  be  subjeded  to  severe  environments 
and  do  not  experience  the  problems  encountaed  by 
other  types  of  transformers.  For  instance,  the  material 
used  to  insulate  the  transfoimer  windings  is  nonhygro- 
scopic;  this  allows  for  immediate  energization  of  the 
unit  after  an  extended  period  of  de-eneigizatkxi.  This 
material  is  also  highly  resistant  to  the  effects  of  chemi¬ 
cals  and  industrial  atmospheres. 

Since  these  devices  perfexm  well  under  the  effects 
of  fire,  the  cast  coil  transfoimer  is  a  good  alternative 
when  the  possibility  of  fue  exists.  The  epoxy  material 
used  to  encapsulate  the  windings  is  "nonbuming”  ac¬ 
cording  to  tests  performed  by  the  Idaho  National 
Engineering  Laboratory,  and  the  combustion  products 
produced  when  one  of  the  coils  is  forced  to  bum  (i.e., 
where  sufficient  heat  is  applied)  are  within  acceptable 
levels.  The  addition  of  a  cast  coil  transformer  to  a  facil¬ 
ity  docs  not  add  significantly  to  the  fire  danger  of  that 


fadlily  and  win  reduce  the  dai^  if  it  is  re{Hacii^  a 
liqniit-filkd  transfonuct. 

There  are  several  other  areas  in  which  the  cast  coil 
transfoimer  offers  increased  performance  characteris¬ 
tics.  These  are  listed  below. 

1.  CbconaL^nxyeiicapsulatioaofthewindii^ 
without  porosity  provides  elimination  of  co¬ 
rona  generation  as  compared  to  other  types  of 
dry  transformers. 

2.  Dielectric  strength.  The  dielectric  strergth  of 
the  sedid  epoxy  insulation  is  high  largely  due 
to  the  lack  of  corona  and  the  high  dielectric 
resistance  of  the  epoxy. 

3.  Shortr-circuii  suengdi.  The  dynamic  strength 
of  the  cast  coil  tiansforma-  exceeds  ihat  of 
conventional  dry-type  and  liquid-filled 
transformers.  The  epoxy  resin  provides  ex- 
celieni  mechanical  strength  when  the  coil  is 
subjected  to  the  axial  and  radial  forces  that 
occur  during  a  riKXt-circuit  fault 

4.  BEL  ratings.  The  ':ast  coil  transformer  design 
offers  BIL  levels  e>>.ua!  to  those  of  standard 
liquid-filled  devices  and  are  superior  to  other 
dry-type  tram;f ormer  designs. 

5.  Fire  protection.  The  materials  arc  such  that 
they  will  not  support  flame  and  are  typically 
not  a  flame  source. 

Finally,  it  should  be  noted  that  the  cast  coil  trans¬ 
former  is  one  of  the  most  efficient  available  today  and 
is  attractive  for  use  because  of  the  increasing  cost  of 
electrical  power.  The  following  report  investigates 
these  topics  further  and  addresses  the  concerns  regard¬ 
ing  ihe  use  of  cast  coil  iransfonriers.  ;  -  - 

I  4-'  •  Gkijii 
j  Lcat  ton 
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CAST  COIL  TRANSFORMER  FIRE  SUSCEPTIBILITY 
AND  RELIABILITY  STUDY 

INTRODUCTION 


This  report  investigates  the  fire  characteristics  and 
reliability  of  cast  coil  transformers  as  per  NAVCOMPT 
Order  N6830587WR70270,  Amendment  No.  2, 
Norfolk  Utility  Research  and  Development  (R&D). 
The  Naval  Civil  hngineering -Laboratory  (NCEL) 
requested  that  the  Idaho  National  Engineering  Labora¬ 
tory  (INEL)  provide  an  overview  of  the  cast  coil  trans¬ 
former  technology  and  include  a  history,  overview,  and 
fire  susceptibility  study  for  these  devices. 

Cast  coil  transformers  have  been  used  to  a  great  ex¬ 
tent  in  Europe  for  the  last  20  years,  but  are  only  moder¬ 
ately  used  in  the  United  States.  The  purpose  of  this 
report  is  to  provide  data  and  verification  for  an  accept¬ 
able  level  of  reliability  and  also  to  inform  the  reader 
about  the  available  designs  and  testing  procedures. 

This  task  was  accomplished  in  several  steps.  First,  a 
literature  search  was  conducted  by  the  INEL  technical 


library  and  available  publications  were  obtained  and 
reviewed.  Secondly,  a  questionnaire  was  drafted 
requesting  specific  information  from  the  manufactur¬ 
ers  of  cast  coil  transformers.  Copies  of  this  request 
along  with  the  responses  can  be  found  in  Appenrhx  A 
of  this  report.  Finally,  fire  reports  (abstracts)  from  the 
National  Fire  Protection  Association  (NFPA)  were 
also  reviewed  to  locate  any  possible  fires  involving 
cast  coil  transformers.  These  abstracts  were  obtained 
through  the  NFPA’s  literature  search  system.  Individu¬ 
al  summaries  of  the  four  different  types  of  cast  coil 
configurati(»is  and  the  differences  between  the  avail¬ 
able  designs  are  included  in  Appendix  B.  Descriptions 
of  the  current  testing  procedures  are  also  included  so 
that  the  reader  will  better  understand  the  data  and  re¬ 
sults.  Figure  1  illustrates  a  typical  cast  coil  transform¬ 
er.  Testing  has  been  performed  by  vendors  and 
independent  testing  firms.  The  INEL  also  performed 
their  own  testing,  and  the  results  are  discussed  in  this 
report  and  included  in  Appendix  C. 
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Figure  1 .  Typical  consuuction  of  the  cast  coil  uansformer. 
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OVERVIEW 


To  best  meet  the  requirements  of  this  task,  several 
issues  were  investigated.  These  issues  are  outlined  as 
follows: 

1.  Describe  the  history  ofcast  coil  technology  to 
date  and  provide  descriptions  of  the  available 
designs. 

2.  Discuss  the  “byproducts  of  combustion”  of 
the  epoxy  used  to  encapsulate  the  coils.  This 
includes  both  the  research  conducted  by  the 
INEL  and  those  tests  performed  by  other  test 
labrxatories. 

3.  Address  the  flammability  of  cast  coil  trans¬ 
formers.  This  includes  testing  of  the  epoxy 
material  itself  and  also  testing  of  the  com¬ 
plete  coil  assembly.  The  epoxy  material  was 
tested  under  flame  provided  by  an  external 
source,  but  the  complete  coil  assembly  was 


tested  fw  both  an  external  flame  source  and 
an  internal  source  (i.e.,  a  simulated  short- 
circuit).  Testing  of  the  epoxy  material  was 
completed  by  the  INEL  wd  the  transformer 
manufacturers.  Information  from  both  the 
INEL  and  manufacturers  is  included  in  this 
rqmrt  Results  of  testing  of  the  complete  coil 
assembly  performed  by  the  manufacturers 
were  not  verified  by  the  INEL  as  part  of  the 
scone  of  this  report 

4.  Provide  available  information  on  the  coil 
cracking  issue. 

5.  Discuss  overall  reliability  of  the  cast  coil 
nansformer  and  make  recommendations  for 
their  use. 

6.  Include  background  information  for  the 
reader. 
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HISTORY  AND  PRODUCT  DESCRIPTION 


During  the  last  two  decades  there  have  been  consid¬ 
erable  changes  in  the  types  of  fire  resistant  electrical 
distribution  transformers.  This  was  accelerated  by  the 
banning  of  polychlorinated  biphenyls  (PCBs)  in  the 
later  1970s.  Before  this  time,  rcBs  were  used  exten¬ 
sively  in  applications  where  fire  resistance  was  neces¬ 
sary  or  desired.  Several  new  alternatives  have  been 
developed,  including  silicone-filled  transformers, 
vapor-cooled  transformers,  RTemp-filled  transform¬ 
ers,  and  cast  coil  transformers. 

General  Product  Description 

The  cast  coil  transformer  was  developed  to  reduce 
or  eliminate  the  deficiencies  inherent  in  conventional 
open-wound  dry-type  transformers.  The  following 
issues  were  addressed 

•  Basic  Impulse  Level  (BIL) 


de-energization.  Dry-out  time  is  not  necessary.  The 
epoxy  resin  is  also  extremely  resistant  to  chemical 
contamination.  The  epoxy  provides  excellent  protec¬ 
tion  for  the  windings  and  allows  the  transformer  to  be 
used  in  locations  previously  unsuitable  for  convention¬ 
al  open-wound  dry-type  transformers. 

The  epoxy  encapsulation  of  the  coils  without  voids 
or  porosity  eliminates  corona  generation.  'I'he  dielec¬ 
tric  properties  of  the  solid  insulation  remain  high  be¬ 
cause  of  the  lack  of  corona  and  also  because  of  the 
dielectric  strength  of  the  epoxy  material  itself.  The 
epoxy  also  provides  excellent  mechanical  strength 
during  a  short  circuit,  and  dte  round  geometry  provides 
added  strength  against  the  axial  and  radial  forces  expe¬ 
rienced  during  a  short  circuit  Cast  coil  transformers 
can  provide  BIL  ratings  equal  to  those  of  liquid-filled 
tfansformers.  Conventional  open-wound  dry-type 
transformers  can  not  be  built  effectively  at  these  BIL 
levels. 


•  Short-circuit  strength 

•  Moisture  susceptibility 

•  Environmental  considerations 

•  Operation  in  adverse  environments. 

The  cast  coil  transformer  is  a  dry-type  uansformer 
in  which  the  primary  and  often  the  secondary  windings 
are  completely  encapsulated  in  epoxy  resin.  The  resin 
may  or  may  not  contain  inert  filler  materials  or  fiber¬ 
glass  cloth  for  increased  mechanical  strength  and  fire 
resistance.  The  design  philosophy  of  the  American 
cast  coil  transformer  is  actually  a  merger  of  European 
and  U.S.  technology.  The  epoxy  resin  provides  high  di- 
elecuic  and  mechanical  strength.  It  also  provides  supe¬ 
rior  environmental  protection  for  the  windings  as 
opposed  to  dry-type  u-ansformers  with  open-wound 
consutjction. 

The  cast  coil  transformer  is  highly  resistant  to  the 
effects  of  moisture.  All  of  the  materials  are 
nonhygroscopic.  This  allows  the  transformer  to  be  im¬ 
mediately  energized,  even  after  an  extended  period  of 


With  the  increasing  cost  of  producing  power,  the 
losses  in  transformers  have  become  more  important. 
The  cast  coil  transformer  is  among  the  most  efficient 
being  used  today.  This  transformer  has  slightly  higher 
no-load  losses  than  liquid-filled  devices,  but  the  load- 
losses  are  lower,  which  results  in  lower  total  losses. 
Appendix  B  describes  the  four  types  of  cast  coil  de¬ 
vices  evaluated  for  this  report  (Table  1). 

Table  1.  Types  of  cast  coil  devices 


Manufacturer 


Product  Line 


National  Industri 
Square-D 
Elma  Engineering 
General  Elecuic 


NICAST  Transformers 
Power-Cast  &  Power-Cast  II 
Cast  Coil  Transformers 
Geafol  Transformers 


In  addiuon  to  those  listed  in  Table  1 ,  there  are  sever¬ 
al  other  American  manufacturers  tliat  build  cast  coil 
uansformers  such  as  BBC  Bro\  .-Boveri  and  IsoReg. 
However,  the  designs  investigated  for  this  report  arc 
typical  of  the  available  products. 
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CAST  COIL  TRANSFORMER  FIRE  TEST  DESCRIPTION 


A  transfonner  fire  typically  results  from  one  of  two 
possible  sources.  A  failure  can  occur  within  the  trans¬ 
former  causing  a  hot  spot  that  either  exceeds  the  rat¬ 
ings  of  the  transformer  materials  or  creates  an  electric 
arc  that  ignites  surrounding  materials.  Or,  the  trans¬ 
former  may  be  subjected  to  a  source  of  external  heat 
and/or  flame. 

Recent  attention  focused  on  the  flammability  of 
transformer  cooling  liquids  has  resulted  in  significant 
discussion  on  the  effects  of  fire  on  cast  coil  transform¬ 
ers.  An  important  question  is  whether  and  under  what 
conditions  will  this  type  of  transformer  bum.  Two  con¬ 
ditions  must  occur  for  stable,  self-sustained  combus¬ 
tion:  the  temperature  of  the  material  must  be  raised  to 
the  fire  point,  and  the  combustion  must  produce  an  ad¬ 
equate  supply  of  heat  to  sustain  itself.  This  means  that, 
after  the  ignition  source  is  removed,  the  fire  becomes 
an  autothermal  process  (controlled  by  the  balance  be¬ 
tween  the  heat  generated  by  combustion  and  the  heat 
earned  away).  This  process  must  supply  an  adequate 
amount  of  heat  from  combustion  in  order  to  remain 
burning.  All  transformers  will  burn  if  they  are  sub¬ 
jected  to  sufficient  temperatures,  including  dry,  PCB, 
oil,  RTemp,  silicone,  and  other  designs. 

Several  generalized  tests  were  performed  on  both 
the  transformer  materials  and  on  the  complete  u-ans- 
formcr  coils.  The  details  of  these  tests  and  results  are 
discussed  in  the  following  sections.  The  tests  and  re¬ 
sults  described  include  independent  testing,  INEL  test¬ 
ing,  and  factory  testing. 


Epoxy  Material  Testing 

The  first  fire  test  tested  the  epoxy  encapsulating  ma¬ 
terial  itself.  There  are  essentially  two  types  of  compos¬ 
ite  materials  used  in  the  production  of  cast  coil 
transformers.  The  first  is  a  bisphenol  A  (BRA)  epoxy 
resin.  The  second  is  also  BRA  epoxy  resin  except  that 
an  inert  filler  (silica)  is  added  to  the  mixture 
(Appendix  C). 

The  epoxy  material  was  tested  in  accordance  with 
the  Standard  Method  of  Test  for  Flammability  of 
Self-Supporting  Rlastics  (i.e.,  rigid)  American  Society 
for  Testing  &  Materials  (ASTM)  Designation  D 
634-68.  This  standard  has  recently  been  outdated  and 
has  not  been  replaced  by  anything  to  date.  Testing  was 
performed  by  an  independent  agency,  and  the  results 
were  taken  from  an  Electrical  Construction  and  Main¬ 
tenance  (EC&M)  magazine  article  (Appendix  D). 
Validation  tests  were  performed  by  the  INEL. 

Twenty  samples  of  the  material,  each  5  x  1/2  x 
1/2  in.,  were  tested  using  the  procedure  in  tiie  standard. 
Calibration  marks  were  made  1  in.  and  4  in,  from  the 
unclamped  end  of  each  sample.  The  sample  under  test 
was  clamped  horizontally  and  the  flame  of  a  Bunsen 
burner  applied  (Figure  2).  If  after  two  attempts,  the 
specimen  does  not  ignite,  it  is  considered  “nonbum- 
ing”  by  this  test  If  the  specimen  continues  to  bum  after 
the  first  or  second  ignition,  timing  is  started  when  the 
flame  reaches  the  first  mark,  1  in.  from  the  free  end. 


Figure  2.  Apparatus  for  tlie  ep^xy  material  flammability  tests  performed  by  the  INEL. 
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and  stopped  when  the  flame  reaches  the  second  mark, 
4  in.  from  the  free  end.  A  specimen  that  bums  to  the 
4  in.  mark  is  considered  to  be  “burning”  by  this  test, 
and  the  burning  rate  is  determined  by  the  time  it  takes 
to  bum  the  3  in.  between  the  two  marics.  If  the  speci¬ 
men  does  not  bum  to  the  4  in.  mark,  then  it  is  deter¬ 
mined  to  be  “self-extinguishing”  by  this  test,  with  the 
extent  of  burning  being  the  measured  length  burned. 

The  INEL  tested  ten  samples  of  the  unfilled  epoxy 
and  ten  samples  of  the  filled  epoxy.  The  results  of  the 
tests  are  tabulated  in  Table  2.  The  INEL  tests  verified 
the  manufacturers’  results  that  the  epoxy  material  was 
nonbuming.  All  twenty  samples  extinguished  before 
they  reached  the  first  mark. 

Complete  Coil  Assembly 
Testing 

Currently,  there  are  no  industry  or  ASl'M  standards 
for  testing  to  simulate  the  effects  of  internal  faults  or 
external  flame  on  an  epoxy  encapsulated  transformer 
coil;  therefore,  tests  were  devised  by  industry  that 
represent  the  most  severe  conditions.  This  section  is 


presented  in  four  subsections.  Two  subsections  de¬ 
scribe  the  test  scenarios  used  to  simulate  each  of  the 
two  possible  fire  sources,  and  two  subsections  present 
typical  results  of  a  coil  under  each  of  the  two  test  sce¬ 
narios.  These  tests  were  not  verified  by  the  INEL.  The 
testing  described  was  performed  by  the  manufacturers 
and  also  by  an  independent  organization,  and  the  re¬ 
sults  are  discussed  in  an  EC&M  article,  February  1986 
(Appendix  D). 

The  high  voltage  (HV)  coil  will  be  the  most  likely  to 
be  subjected  to  a  fire  situation  for  several  reasons.  It  is 
located  on  the  outside  surface  of  the  transformer  and 
therefore  will  be  the  first  item,  excluding  the  cabinet, 
contacted  by  any  external  fire  source.  The  high  voltage 
placed  on  this  coil  makes  it  more  prone  to  fire  caused 
by  an  internal  arc. 

Secondary  coil  failures  are  also  sources  of  self  igni¬ 
tion.  Secondary  coils  are  high-cunent  carrying  con¬ 
ductors,  and  if  poor  joints  develop  or  severe  overloads 
occur,  the  resulting  heat  can  cause  incendiary  prob¬ 
lems.  For  instance,  a  cast  coil  transformer  failed  at 
Norfolk  Naval  Base,  Virginia.  Unfortunr.tely,  most 


Table  2.  Results  from  INEL  flame  tests  of  the  two  types  of  epoxy  material 


Sample 

Material 

Total  Time® 

Total  Time* 

No. 

Filled  (F)  Unfilled  (UF) 

First  Bum  (s) 

Second  Bum  (s) 

1 

NITIF 

31.51 

189.30 

2 

NITIF 

8.87 

3 

NITIF 

2.48 

37.01 

4 

NITIF 

10.79 

5 

NITIF 

9.53 

48.55 

6 

NITIF 

20.66 

28.83 

7 

NITIF 

7.17 

91.84 

8 

NITIF 

22.08 

110.48 

9 

NITI F 

3.66 

122.35 

10 

NITIF 

46.73 

20.43 

1 

Square-D  UF 

40.83 

132.55 

2 

Square-D  UF 

133.80 

52.49 

3 

Square-D  UF 

10.08 

134.77 

4 

Square-D  UF 

199.18 

24.05 

5 

Square-D  UF 

2.23 

69.38 

6 

Square-D  UF 

19.27 

9.96 

7 

Square-D  UF 

10.47 

136.42 

8 

Square-D  UF 

3.20 

287.10 

9 

Square-D  UF 

4.01 

170.36 

10 

Square-D  UF 

38.78 

76.59 

a.  Time  for  flame  to  self  extinguish  after  source  was  removed. 
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strophic  failore  of  ibe  device.  Possible  solslioas 

or  smoke  detection  connected  into  tbe  proteccion 
dfcniny  (A{<peadix  E). 

Coil  Testing  When  Subjected  to 
Arcing  and  a  Short  Circuit 

Tosiinu]aieaiiinienialan:ingfau]t.a  1  in.  hole  was 
drilled  through  the  1/4  in.  q)ox>'  outer  coatii^  expos¬ 
ing  Ibe  ahupinum  condiiciofs  of  the  winding.  One  end 
of  tbe  winding  was  connected  to  the  negath’e  lead  of  an 
arc  welder,  and  an  arc  was  drawn  from  the  positive 
welder  electrode  to  the  aluminum  winding  exposed 
through  the  hole. 

Under  normal  operation,  transformers  are  protected 
by  overcurrent  devices  that  shouldclear  tbe  arcing  fault 
in  30  cycles  or  less.  To  illustrate  worst  case  coriditions. 
the  arcing  test  duration  was  extended  to  ^)proximaieiy 
5  s,  and  a  series  of  six  tests  were  performed  with  in¬ 
creasing  durations.  The  temperannes  de^'cloped  were 
sufficient  to  melt  the  aluminum  wire  and  to  establish  a 
flame.  The  melting  point  of  aliuninum  is  660X‘  during 
a  high-eneigy  arc  between  two  voltage  leases.  The 
cause  of  the  arcing  can  be  one  of  many  iruemal  faults, 
such  as  tum-to-tum  short  circuits,  coil  sbortcircuits,or 
phase-to-phase  or  phase-to-earth  flashover. 

Another  high-energy  arcing  test  was  performed  on 
an  800  kVA  transformer  of  the  Traffo-Union  design. 
This  test  involved  a  three-phase  HV  terminal  short 
circuit  that  was  artificially  induced.  Short-circuit  du¬ 
rations  of  .5  s  and  2  s  were  used.  The  transformer  was 
initially  at  its  operating  temperature  of  approximately 
100®C.  The  fault  level  was  150  .MVA. 

Results  of  Coil  Testing  When 
Subjected  to  Arcing  and  a  Short 
Circuit 

Testing  of  the  transformer  coil  under  the  simulation 
of  an  internal  arc  was  performed  as  described  in  the 
previous  subsection.  The  results  of  this  test  are  tabu¬ 
lated  in  Table  3. 

The  particular  coil  used  for  tliis  test  was  36-in.  high 
with  an  outside  diameter  of  23  in.  and  an  inside  diame¬ 
ter  of  18  in  It  consisted  of  multiple  layers  of  aramid- 
insulatcd  aluminum  conductors  covered  with  a 


cast  m  epoxy  resia.  The  epmr  Ttas  appgpvgaaaSy 

I/t-iuL  ibdt  ower  ESC  wiuSaS' 

Tabto  3L  iieuiabomiteiesstse^aezEsciea 

cMinhBwi 

AxcDoodonCs) 

FkMQC  Exriscssos  (s) 

5 

4.6 

10 

4.9 

20 

82 

30 

ia9 

45 

413 

90 

1&6 

Based  oo  the  results  in  TaUe  3.  a  fire  started  by  an 
internal  fault  in  the  transformer  windinf  should  be 
self-extinguisfaing  within  a  short  time  after  tbe  fault  is 
cleared  by  tbe  system  protecdon  devices. 

Tbe  second  tea  was  performed  on  iheTiaffo-UskH! 
transformer.  As  described  in  subsection.  Qril  Testing 
When  Subjected  to  Arcing  and  a  Shent  Circuit,  two 
faults  were  simulated  of  J  s  and  2  s  dtmiocs.  The  re¬ 
sults  of  tbe  2  s  fault  were  as  follows.  Tbe  heat  caused 
by  tbe  arc  burned  a  thin  layer  of  the  resin  at  tbe  surface. 
This  left  a  layer  soot  that  provided  a  sfaidding  effect 
protecting  the  resin  layers  below.  There  was  some 
melting  and  v^wrization  of  the  conductor  material  at 
the  metal  connection  terminals  (Le.,  the  root  of  the 
arc).  High-speed  cameras  were  used  to  verify  that 
there  was  no  after  burning  of  the  insulating  maienal 
observed  after  arc  extinction.  Despite  the  visible 
surface  damage,  the  transformer  remained  fully 
serviceable. 

Next,  the  transformer  was  subjected  to  a  test  that 
simulated  direct  inicrturn  and  winding  short  circuits. 
Holes  were  drilled  in  the  HV  windings  of  all  three 
phases.  Six  millimeter  nails  were  placed  in  the  holes 
and  then  connected  to  the  short-circuit  leads.  The  re¬ 
sults  during  this  test  were  the  same  as  previous  tests. 
There  was  no  igiiition  and  no  afterburning  of  the  resin 
compound  or  other  insulating  materials. 

Coil  Testing  When  Subjected  to 
an  External  Flame  Source 

It  is  even  more  difficult  to  simulate  how  an  external 
fire  affects  the  coil.  Fires  have  many  variables  and  may 
be  fed  by  many  different  fuel ■:  »  aluathg  h  r  sxof 
Ignition  as  a  result  of  an  external  fire,  several  factors 
must  be  considered. 
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TS»r  ausfml  silS  aura  coamingis  a  (xsse 
aBBOQis!  dT  Euac  to  ao  tzistissg  fiaic.  T&s  uatesfoeasKa 
O0&  ane  a  anpcfias  :n!fiifE3  ofcpcnjr  saixaad  wa^  at^ 
ftim.mahie  filias,  tmailaiimg  mMi^nnixU_  and  eseaal 
miaSttgS  >fc*l  COTPirfinjtrH  afjqtmThmf  hra«  /tiso,  a  fiac 
ouy  bcra  io  23  area  Elsx  IS  oxvjea  ndii  or  ace  dac  is 
tidmvdy  vind  of  oxy^geaiL  TMs  «31  itave  a  draaiir  af- 
fica  oc  ESe  peo^essica  of  Ehe  lire.  Tbe  t^iiiioo  {esoper- 
atcre  of  !iie  epoxy  maiereaS  is  approximaiciy  450^ 
higher  linaibaiofoitoccBszncaootnaietabsoai  as 
wood;  aod  iberefore,  fire  {sotcetkn  systoos  shooki 
have  reacted  long  before  the  epoxy  of  a  cast  coil 
3aas^  aier  would  igaisc. 

One  !yp*cal  test  procedure  used  was  apfrikadoa  of 
an  oxyacetyiene  ctmiag  toreh.  The  test  was  petfonncd 
OQ  a  coo^jlcre  coil  assembl}'.  The  coO  was  placed  on  a 
wooden  skid  and  the  lorch  flame  was  applied  to  the 
booora  of  the  coil  so  that  me  rsing  heaial  air  wtxild 
tend  to  keep  the  material  burning.  The  torch  flame  was 
held  in  cociaa  with  the  omI  for  30  s.  The  time  taken  for 

the  flame  in  extii^rish  was  meaggirri  and  kdi<riK<rd 
in  the  fdlowing  subseoiorL  This  test  was  informally 
verfisd  by  INEL  personnel  at  the  failed  tiansfonner 
auuqtsy  at  Norfolk,  ^^Imnia.  Oxj'acetyiene  torches 
were  used  with  varying  time  elements  and  a 
self-sustained  flame  could  not  be  produced. 

Two  other  example  tests  performed  to  smulaie  ex¬ 
ternal  fires  were  (a)  a  wood  fire  that  was  placed  under' 
neaih  the  coil  and  (b)  propane  gas  flames  tgjplkd  to  the 
side  of  the  coil.  Fot  the  wood  fire  test,  10  kg  of  un¬ 
treated  pitiewood  (5  X  2  X  100  cm)  was  laid  on  steel 
plates  underneath  the  iransfOTmer  and  lit  with  shav¬ 
ings.  The  flame  temperatures  reached  up  to  1000®C. 
For  the  propane  flame  test,  eight  wide  throat  burners 
were  placed  evenly  around  the  coil.  The  flame  temper¬ 
ature  peaked  at  approximately  1200®C.  The  burners 
were  fired  for  30  min.  The  results  of  these  two  tests  arc 
discussed  in  the  following  subsection. 

Results  of  Coil  Testing  When 
Subjected  to  an  External  Source 

The  first  external  fire  source  test  discussed  was  sim¬ 
ulated  by  applying  an  oxyacetylenc  cutting  lorch  to  the 
bottom  surface  of  the  coil.  The  lorch  flime  was  held  m 
contact  with  the  coil  for  30  s.  The  lime  from  removal 
of  the  torch  to  extinction  of  the  burning  epoxy  was 
measured.  The  test  was  rcpcalcd  many  times,  with  the 
lorch  applied  for  30  s.  The  results  in  Table  4  represent 
the  exiincuon  times  obtained. 

Because  of  the  varied  range  of  external  fires  possi¬ 
ble,  It  IS  not  certain  from  this  test  that  an  externally 
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Tal^%  4.  Resists  finom  exaesm!  fire  sea  csii^  an 
cxyaoftykae  caoisg  isceh 


Tach -Applied  (s)  Flame  Exiaactica  (s> 

30  i2L4 

30  210 


If  the  transformer  was  involved  in  a  major  caia- 
sucpbic  fire,  it  is  possiUe  that  it  would  bum.  but  it 
would  not  add  a  significant  amount  of  intensity  to  the 
fire. 

Two  types  of  external  fire  source  tests  wtxc  can  ied 
out  OQ  the  Tiaffo-Union  tiansfoimcr.  These  two  t>-pes 
of  tests  involved  a  wood  fire  and  a  propane  gas  fire. 
The  two  types  of  externally  sourced  fire  simulated  sev¬ 
eral  different  conceivable  modes  of  auarir  on  a  iians- 
fonner.  The  propane  gas  fire  was  considerably  hotter 
than  the  wood  fiic  and  the  damage  more  severe,  al- 
tbou^  the  total  heat  of  combustion  of  the  wood  fire 
was  actually  greater. 

Sixteen  high-tempeiature  nickel/chromium  nickel 
thermocouples  were  fitted  to  the  core,  HV  winding, 
and  low-voltage  (LV)  winding  of  the  transformer  in  a 
symmetrical  arrangement  with  eight  thermocouples 
for  each  test 

After  the  wood  fire  had  been  burning  for  some  lime, 
the  insulation  of  the  HV  and  LV  windings  ignited,  and 
the  chimney  effect  of  the  axial  duct  in  the  LV  winding 
and  of  the  leakage  flux  channel  caused  ihcepoxy  to  bum 
rapidly  to  the  top  of  the  tiansfonner.  However,  the  fire 
did  not  spread  to  the  other  limbs  of  the  iransfonncr. 

During  the  propane  lire  test,  the  flame  application 
was  more  intense;  however,  the  flames  still  extin¬ 
guished  themselves  shortly  after  the  source  was 
removed. 

This  same  result  was  observed  dunng  the  failure  of 
the  Norfolk  Naval  Base  2000  kVA  unit;  most  of  the 
damage  was  limited  to  the  phase  C  coils.  After  clccui- 
ca!  power  was  removed,  the  burning  insulauon  exun- 
guishcd  iLscIf. 
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COMBUSTION  PRODUCTS 


b  is  not  possilile  10  detoiniiie  a  saodacd  set  of  COD' 
didons  ihai  would  prevail  in  a  hostile  fire  involviag  a 
caa  coil  oansfonDcc.  There  are  many  variables  that 
can  a£Eea  ihe  resohs:  These  problems  oomidicaK  ihe 
aaempis  io  simolate  ifac  born^  of  castcnls  in  a  labo- 
raiocy.  T:sts  have  been  conducted  over  many  years 
wiihavarietyoficsoltsihaidqiendaQiiietestcoodi' 
lions,  paramcicis.  and  the  methods  of  analysis  of  the 
products  of  combosdon.  Pyrolysis  (deconqnsition  of 
otganic  materials  by  the  application  of  heat)  has  also 
been  conducted  using  an  cn^  air  sqipty.  a  restricted 
air  supply,  or 'aiiogen  only  with  no  oxygen  at  various 
lempetaniies.  Analysis  of  Ihe  products  combustion 
has  been  performed  using  many  methods  sodi  as  gas 
chromaiogiaphy  (GC)  and  mass  spectroscopy. 

Description  of  Testing 
Performed  by  the  INEL 

The  results  of  testing  performed  by  the  INEL  are 
summarized  in  the  following  section.  Ihe  complete  re¬ 
port  containing  the  detailed  test  prccedures  and  results 
is  itKluded  in  Appendix  C 

The  testing  was  performed  on  two  samples  of  epoxy. 
One  sample  was  the  Square-D  unfilled  BPA  and  the 
other  was  the  General  Electric  Company’s  quartz 
pcwder-filled  BPA  epoxy.  Both  of  these  samples  were 
chemically  evaluated  for  combustibility  and  toxic 
products  given  off  during  combustion  or  pyrolysis  in 
an  inert  aunosphere. 

The  experiment  was  performed  in  three  phases 
(1)  chemical  and  physical  characteristics  of  the  two 
epoxies  were  determined,  (2)  temperatures  at  which 
chemical  and  physical  changes  take  place  in  controlled 
air  and  nitrogen  atmospheres  were  determined,  and 
(3)  the  four  toxic  compounds  previously  identified 
from  the  pyrolysis  of  BPA  were  identified  and  quanti¬ 
tated  for  samples  collected  over  the  entire  combustion 
process.  During  Phase  1,  infrared  (IR)  spectroscopy 
was  used  to  verify  the  chemical  composition  of  the  two 
materials.  Phase  2  was  performed  under  both  an  inert 
atmosphere  (nitrogen)  and  an  oxidative  atmosphere 
(air).  Thcrmogravimetric  analysis  (TGA)  was  used  to 
determine  the  temperatures  at  which  changes  took 
place  during  heating  of  the  polymers.  Gas  chromatog¬ 
raphy  was  used  to  perform  Phase  3  of  the  analysis. 
During  the  tesung,  auempis  to  collect  samples  of  gas 
from  the  TGA  cxpcnmcnls  for  GC  analysis  were  un- 
succc-ssful  bccau.se  only  10  mg  of  material  was  used 


for  the  KSL  Appendix  C  contains  a  detailed  description 
of  the  test  pnxxduRS  used  dnrii^  tbsse  tests;. 

Results  of  Testing  Performed  by 
the  INEL 

Infrared  spectroscopy  was  used  to  verify  that  the 
twopoiymeiswerecod^osedofBPAepoxy.Bcihma- 
ieriais  woe  confiimed  to  be  BPA  qmy.  The  General 
Ekctric-fiBcd  sample  also  contained  bands  indicating 
the  silica  finer.  Appendix  C  contains  a  summaiy  of  die 
testing  peifoniied  by  the  INEL. 

The  TGA  analysis  was  performed  on  die  samples  to 
detennine  their  reactioa  under  incieasii^  temperature. 
Under  the  nitrogen  atmosphere,  both  of  the  samples 
began  to  decompose  at  300-35(rc.  The  Squaie-D 
sample  lost  100%  of  its  weight  at  ATS^C,  and  the  Gen¬ 
eral  Electric  sample  lost  50%  at  420°C  The  material 
that  remained  in  the  Gener/’  Electric  sami^  consisted 
of  the  silica  filler  and  was  black  due  to  the  presence  of 
elemental  carbon.  Under  the  air  atmosphere,  the 
Square-D  polymer  began  to  decompose  at  2S0°C,  and 
rapid  oxidation  occurred  between  350  and  435X.  The 
sample  had  a  net  weight  loss  of  85%.  Hfteen  percent  of 
the  Square-D  polymer  remained  oxidized  between 
and  580®C.  The  General  Electric  sample  began 
to  decompose  at  250°C  and  was  followed  by  oxidation 
between  330  and  420'’C.  This  samite  had  a  net  weight 
loss  of  40%.  Oxidation  continued  between  450  and 
500‘’C  with  15%  more  weight  loss.  The  portion  of  the 
General  Electric  material  left  was  determined  to  be 
silica  filler. 

Gases  were  collected  in  the  impinger  during  the  py¬ 
rolysis  testing.  Gas  chromatograms  were  run  on  the 
samples.  Benzene,  toluene,  ethylbenzene,  and  phenol 
were  positively  identined.  Table  5  contains  summary 
data  of  the  quantitative  information  obtained. 

Results  of  Testing  from 
Independent  Sources 

Table  6  contains  data  taken  from  an  EC&M  article, 
which  is  included  in  Appendix  D.  The  table  contains 
actual  testing  data  of  an  unknown  epoxy  sample  as 
well  as  the  acceptable  Occupation  Health  and  Safety 
Act  (OSHA)  conccnuations  to  which  humans  can  be 
exposed. 
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TMite  5L  Cc»crnu»iopof«oricp3roi3r»biirod«asofBPApoi3fi»as 


ArAunoaphae 


Niirogen  Aonosphcxe 


Toxic 


Conponad 

raied 

Unfilled 

Riled 

IMiOed 

Beazeae 

.3.1 

1.2 

73 

134 

Totaeae 

0j6S 

026 

19 

036 

Ediylbeazeae 

0.12 

025 

0.15 

0.13 

Pbeaol 

12.8 

43 

lOD 

— 

a.  Onceiaratkn:  Typically  1  ppm  of  v^ior  is  equal  10  0.12  mg/nPcooceniiaiioa  in  the  wofst  case.  Mg/im':  milli¬ 
grams  per  cuUc  meter. 

b.  mg^Minigiams  per  gram. 


Table  6.  Products  of  air  pyixriysis  of  epoxy  lesm  as  cominled  in  EC&M  magazine 


Compound  Produced 

Concentration* 

(mgAn^)** 

OSHA  Limits^ 
(mg/m^) 

Benzene 

3.4  to  33 

30 

1. 3  Butadiene 

03  to  1.0 

2200 

Cyclopentadiene 

2.0  to  2.6 

200 

Nsqththalene 

036  to  0.72 

50 

Ph^l 

034.-0.66 

19 

Styrene 

0.72  to  0.96 

215 

Toluene 

1.6  to  1.8 

375 

a.  Concentration;  Typically  1  ppm  of  vapor  is  equal  to  0.12  mg/m^  concentration  in  the  worst  case. 

b.  mgAn^;  Milligrams  per  cubic  meter. 

c.  OSHA  Limits:  Threshold  Limit  Value  (TLV)  maximum  amount  in  atmosphere  tolerable  for  an  8-h  period. 


The  results  of  this  testing  indicated  that  the  toxic 
substances  produced  by  pyrolysis  of  the  epoxy 
material  are  in  concenuations  that  are  not  harmf^ul  to 
humans  when  exposed  to  them  for  relatively  long  peri¬ 
ods.  The  testing  iso  indicated  that  cast  coil  transform¬ 
ers  are  not  significantly  hazardous  to  fire  fighters  or 
others  near  the  transformer  when  involved  in  a  fire. 

A  similar  series  of  tests  were  performed  on  Geneial 
Electric  Company’s  Geafol  uansformer.  The  results 
obtained  from  the  GC  mass  specuomcter  indicated 


similar  results  to  those  discussed  in  the  EC&M  article. 
The  discussion  on  the  Geafol  transformer  contained  a 
section  that  specifically  discussed  the  production  of 
two  hazardous  substances  that  are  the  results  of 
pyrolysis  of  askarel.  These  hazardous  substances  [2^  3, 
7. 8  tetrachlorodibenzodioxin  (TCDD)  and  2, 3, 7, 8  le- 
trachlorodibenzofuran  (TCDF)]  were  monitored  for, 
and  the  gas  chromatograms  of  this  test  verified  that 
these  products  were  not  produced  by  die  pyro'ysic  of 
the  BPA  epoxy. 
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In  AR«J!d«  C,  2  cosT.ns«u  was  made  ihai  ibc  con- 
ccnaaiioTiS  of  pfosno!  and  benzene  tested  wicre  above 
ibe  admissible  limit.  This  condition  occurred  in  a 
small  confined  environmenL  Tne  kscls  were  consid¬ 
ered  safe  for  fire  figiitcis  and  others  in  the  areas  un¬ 
der  the  normal  conditions  (i.e..  the  volume  of  air 


surrounding  the  tiansfonner  would  be  suiTtciem  to  di¬ 
lute  the  toxic  gasses,  and  the  testing  also  confirmed 
that  the  cas:  cml  uansformcr  would  not  product,  an> 
significant  amounts  of  nonbiodcgradable  toxic  sub¬ 
stances  even  if  the  device  was  complcieh  consumed 
in  the  fire). 
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QUANTITATIVE  MATERIAL  CONCENTRATIONS 
OF  CAST  COIL  TRANSFORMERS 


The  cast  coii  transformer  has  very  liule  material  flammable  material  is  very  small.  In  comparison,  an 

by  weight)  that  will  bum  in  the  event  of  a  fire.  As  oil-filled  transformer  contains  a  substantially  higher 

shown  in  Table  7,  the  total  percentage  by  weight  of  amount  of  flammable  material. 

Table  7.  Proportions  of  flammab'e  and  nonflammable  materials  in  an  800  kVA  Geafol  cast-rcsin  uansformcr 
{%  by  weight) 

Material  in  Typical  Proportion  Proportion 

_ Cast  Coil  Transformer _  Nonflammable  (%)  Flammable  (%) 

Metal  parts,  such  as  core  lamination,  aluminum,  and  steel  89 


Insulating  materials  with  flammable  components 


Insulating  parts  of  clamping  structure 

0.32 

LV  prepreg  and  end  encapsulation 

0.70 

0.47 

HV  resin  compound  and  terminal  link  strip 

4.79 

2.46 

HV  layer  insulation 

1.49 

Packing  blocks 

0.71 

Transformer,  complete 

94.5 

iA. 

Total  =  100% 
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CAST  COIL  TRANSFORMER  CRACKING 


This  section  summarizes  the  infonnation  available 
to  date  regarding  cast  coil  cracking. 

Instances  have  been  reported  where  the  transformer 
coils  have  developed  stress  cracks.  Coil  cracking  has 
been  related  to  the  compatibility  of  the  coil  electrical 
conductors  to  the  epoxy  resin  mixture  used  to  encapsu¬ 
late  the  windings.  The  two  types  of  conductors  used 
today  are  aluminum  and  copper.  Currently,  manufac¬ 
tures  are  using  more  aluminum.  The  aluminum 
material  does  not  have  the  same  current  carrying  ca¬ 
pacity  of  copper,  therefore,  the  windings  must  be  phys¬ 
ically  larger.  The  product  descriptions,  included  in 
Appendix  B,  indicate  those  companies  that  use  alumi¬ 
num,  copper,  and  those  that  use  both. 

Several  of  the  manufacturers  claim  to  use  aluminum 
windings  because  of  its  compatibility  with  the  epoxy. 
Only  one  company  mentions  the  reduced  cost  of  using 
alummum  wmdings  in  the  transformers  and  states  that 
“aluminum  offers  the  best  value  for  tite  user.”  Com¬ 
panies  offering  both  copper  and  aluminum  indicate 
that  the  choice  is  based  on  the  loss  formulas  or 
customer  preference. 

Each  of  the  manufacturers  using  aluminum  offer 
their  own  argument  as  to  why  aluminum  is  the  pre¬ 
ferred  choice.  The  arguments  are  summarized  below. 

1 .  Chemical  resistance.  The  chemical  resistance 
is  the  ability  of  tlie  conductor  to  withstand  the 
effects  of  chemical  contaminants  that  may  be 
present  in  the  atmosphere.  One  consideration 
is  to  not  use  aluminum  to  increase  the  corro¬ 
sive  resistance  and  another  is  to  use  the  con¬ 
ductor  and  design  the  package  accordingly. 

2.  Joints  and  connections.  The  joints  have  been 
a  problem  in  the  past  because  aluminum  tends 
to  flow  away  from  connections  causing  them 
to  loosen  and  overheat. 

3.  Thermal  expansion  coefficients.  Encapsulat¬ 
ing  the  conductors  rigidly  in  the  epoxy 
material  creates  stress  each  time  the  trans¬ 
former  heats  and  cools  because  of  different 
thermal  expansion  coefficients  of  the 
aluminum  and  the  epoxy. 

The  first  issue,  chemical  resisiance  of  the  winding 
iuatcnal,  was  easilj  resolved.  The  wu.Jmgs are  encap¬ 
sulated  in  chemically  inert  epoxy  resin  and  are  not  ex¬ 


posed  to  the  hazardous  environments  or  conditions  that 
are  of  concern.  Also,  the  manufacturers  often  use  a 
copper  bus  with  the  aluminum  windings.  This  way  the 
most  significant  portion  of  exposed  material  is  copper 
and  may  be  more  durable  than  the  alternative  alumi¬ 
num.  Therefore,  the  choice  should  not  be  driven  by 
concerns  about  the  environment 

The  second  issue  is  also  addressed  adequately  by  en¬ 
gineering  and  manufacturing  techniques.  The  connec¬ 
tion  problems  associated  with  aluminum  have  been 
reduced  by  use  of  several  techniques.  For  instance,  one 
technique  is  to  tin  plate  the  aluminum  leads  as  they 
come  out  of  the  epoxy  encapsulated  winding  and  then 
mechanically  couple  the  tin  plate  to  a  tin-plated  cop¬ 
per  pad  that  connects  to  the  copper  bus.  TTiis  type  of 
connection  reduces  the  possibility  of  conductor  move¬ 
ment  Another  type  of  connection  used  is  a  special  cop- 
per/aluminum  explosion-bonded  pad  The  pad 
consists  of  one  plate  of  aluminum  and  one  pLite  of  cop¬ 
per  that  are  explosively  bonded  together  (e.g., 
DuPont-Deltaclad)  to  form  one  intcgni)  piece  of  mate¬ 
rial.  The  aluminum  winding  leads  are  then  connected 
to  the.  aluminum  side  of  the  pad  and  the  copper  bus  to 
the  other  side.  In  summary,  proper  joints  and  connec¬ 
tions  should  not  be  a  factor  because  of  the  engineering 
solutions  available. 

Final  issue  of  conductor  thermal  expansion  compat¬ 
ibility  to  the  epoxy  resin  mixture  raises  the  most  ques¬ 
tions  and  is  a  sensitive  area  among  the  various 
manufacturers.  This  is  further  compounded  because 
several  different  epoxy  composite  coil  assembly  struc¬ 
tures  are  used  to  encapsulate  the  windings.  Therefore, 
the  data  are  not  the  same  and  difficult  to  assess  equally. 

In  order  to  present  comparative  information  from 
several  of  the  manufacturers,  a  relative  expansion  rate 
will  be  used.  The  relative  base  will  be  the  thermal  ex¬ 
pansion  rale  of  pure  epoxy  resin,  which  will  be  70  x 
10^  in./in./°C.  The  information  available  has  been 
standardized  and  is  presented  in  Table  8. 

Based  on  this  argument,  the  expansion  coefficients 
of  tlie  aluminum  are  in  fact  closer  to  those  of  the  com¬ 
posite  epoxy  mixtures  that  are  used  to  encapsulate  tlie 
w  indings.  However,  no  manufactuers  use  epoxy  witli- 
out  fillers  and/or  internal  strengthening  fibers  or  oilier 
methods  of  suengtheiiing  the  coil  assemblies.  One  po- 
tenUal  problem  is  expansion  and  conuaclion  of  llic  ma- 
lenals  duung  operaUuu  caused  by  cluaiging  imcmal 
transformer  coil  temperature  and  varying  external 
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Table  8.  Thennal  expansion  coefficient  information  on  the  different  materials  used  in  cast  coil  transformers 


Expansion  Coefficients 
(10-6  in/m./°C) 


Company 

Aluminum 

Copper 

Composite* 

Square-D 

23.0 

18.0 

45.0 

NITI 

48.3 

33.8 

60.3 

General  Electric 

50.0 

35.0 

est.  60.0 

a.  Square-D  uses  a  composite  mixture  of  glass  reinforced  epoxy.  NITI  uses  a  composite  mixture  of  glass  fiber  rein¬ 
forced  silica-filled  epoxy.  General  Electric  uses  a  composite  mixture  of  quartz  powder-filled  epoxy. 


environmental  temperatures.  Manufacturing  tech¬ 
niques,  materials  technology,  and  structural  engineer¬ 
ing  factors  all  come  into  play  in  designing  the 
composite  for  adequate  reliability. 

In  summary,  the  transformers  are  designed  as  com¬ 
posite  structures  for  strength  using  glass  fiber  rein¬ 
forcements,  powder  filler,  or  a  combination  of  both. 
All  manufacturers  have  tested  their  coil  designs  under 


temperature  tests  that  involve  gradients  of  -60°C  to 
+80°C.  Many  of  the  problems  present  in  the  coils  sev¬ 
eral  years  ago  have  now  been  eliminated.  The  limits  of 
the  material  are  better  understood,  and  the  transform¬ 
ers  are  designed  accordingly.  It  is  sufficient  to  state 
that  the  manufacturers  are  aware  of  the  potential  prob¬ 
lems  and  are  actively  addressing  it.  Additional  re¬ 
search  and  investigation  in  stress  cracking  and  design 
details  can  be  performed  upon  request 
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CAST  COIL  TRANSFORMER  RELIABILITY 


The  specific  type  of  transformer  that  best  suits  a  giv¬ 
en  installation  varies  with  the  surrounding  fire  hazards, 
requirements  of  the  user,  and  other  application  issues. 
Cast  coil  transformers  have  a  proven  record  in  Europe 
and  other  parts  of  the  world.  'ITiey  have  a  good  reliabil¬ 
ity  record,  are  easy  to  maintain,  and  there  are  over 
10,000  units  in  service  ranging  in  kVA  from  100  to 
10,000,  with  voltages  up  to  34.5  kV.  The  initial  cost  of 
a  cast  coil  transformer  is  commonly  higher  than  costs 
of  the  other  alternatives,  but  total  ownership  costs  are 
often  lower. 

Based  on  the  information  obtained  during  this  in¬ 
vestigation,  the  cast  coil  transformer  has  proved  to  be 
exceptional  for  its  intended  applications.  The  cast  coif 
transformer  provides  a  high  degree  of  fire  protection 
for  both  internally  and  externally  caused  fires.  At  the 
same  time,  they  have  the  capability  of  maintaining  BIL 
ratings  similar  to  liquid-filled  transformers  This  is  not 
true  of  the  standard  dry-type  transformers. 

The  testing  performed  by  the  INEL  during  this  task 
confirmed  the  available  results  regarding  the  flamma¬ 
bility  of  the  epoxy  material  and  the  products  of 
combustion. 

Unless  ordered  specifically  without  a  cabinet,  all 
U.S.  style  cast  coil  transformers  come  with  an 
industri^  grade  cabinet  that  acts  as  a  fire  barrier.  This 


cabinet  keeps  both  external  flame  and  heat  away  from 
the  flammable  portions  of  the  transformer.  The  cabinet 
also  serves  the  following  functions: 

•  Safety 

•  HV  isolation 

•  Fire  protection 

•  Maintenance  minimization. 

The  final  concern  is  placing  cast  coil  transformers  in 
space-limited  locations.  The  cast  coil  transformers  are 
hrgtT  than  standard  liquid-filled  units  and  may  not  fit 
certain  applications. 

In  summary,  cast  coil  transformers  offer  the  user  a 
high  level  of  reliability  in  most  environments.  They 
are  durable  under  fire  conditions.  The  coil  encapsula¬ 
tion  material  is  “nonflammable"  and  self  extinguish¬ 
ing.  These  types  of  transformers  do  not  add  any 
significant  amount  of  fuel  or  fire  danger  when  placed 
in  a  location  where  a  fire  might  occur.  If  a  fire  should 
occur,  the  products  of  combustion  arc  not  sufficient  to 
endanger  the  lives  of  fire  fighters  or  others  near  the  de¬ 
vice.  Cast  coil  transformers  provide  an  excellent  alter¬ 
native  for  applications  that  are  not  suitable  to  other 
dry-type  devices  or  liquid-filled  units. 
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CONCLUSIONS 


Cast  coil  transformers  offer  reduced  risk  to  the  user 
compared  to  liquid-filled  units.  The  cast  coil  design 
eliminates  the  environmental  impacts  associated  with 
liquid-filled  designs.  The  threats  of  oil  spills  and 
catastrophic  fires  are  reduced  with  the  elimination  of 
the  liquid  coolant.  Cast  coil  transformers  are  a  very 
attractive  option  when  the  environmental  effects  must 
be  kept  to  a  minimum.  Cast  coil  transformers  are  also 
more  efficient  than  most  of  the  other  transformer 
designs  and  therefore  fit  into  the  increasing  trend  of 
energy  consciousness. 


When  a  cast  coil  transformer  is  involved  in  a  fire 
situation,  the  products  of  combustion  consist  primarily 
of  carbon  (soot)  and  several  aromatic  hydrocarbons. 
These  concentrations  are  usually  at  acceptable  levels. 
Overall,  the  cast  coil  transformer  adds  minimal  risk  to 
an  installation  under  the  worst  case  situation.  In 
conclusion,  cast  coil  transformers  have  a  long  record 
of  operation  and  have  proven  to  be  reliable  and 
efficient. 
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RECOMMENDATIONS 


Listed  below  are  several  recommendations  for  the 
use  of  cast  coil  transformers. 

1 .  Use  near  environmentally  sensitive  areas  and 
areas  where  personnel  safety  is  a  primary 
concern,  such  as  piers,  waterfronts,  hospitals, 
dormitories,  cafeterias,  and  schools. 

2.  Use  in  areas  with  high  power  rates. 

3.  Use  in  facilities  that  experience  cyclical  loads 
where  the  transformers  are  or  can  be  shut¬ 
down  for  long  time  periods. 


4.  Use  when  varying  loads  are  experienced  with 
high  quantities  of  short-term  overload  but 
lower  average  power. 

5.  Use  in  applications  where  the  transformers 
are  not  enclosed  in  vaults. 

Cast  coil  transformers  are  excellent  devices  for 
many  uses,  but  they  are  not  the  best  device  for  all 
applications.  Good  engineering  judgement  and  evalua¬ 
tions  must  be  used  to  determine  which  design  is  appro¬ 
priate  in  any  given  circumstance. 
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APPENDIX  A 


INFORMATION  REQUEST  FORM  AND  RESPONSES 


Information  Needed  From 
Manufacturer  On  Cast  Coil 
Transformers 

1.  Provide  descripeica  of  tfee  aciaad  pccdoa 
issssihcaiisd  bj-  j-ctr  cacicasy. 

2.  Ho»'  ksg  bas  yenr  compaav  manafacained 
thisprodirt? 

3.  Wbai<ksgn(k}}tR<usszh2!(H2pa?esic(ss- 
pany  or  y<Mff  o^ti? 

4.  Whai  is  ifes  aprsoximae  nuinbcr  of  can  ccii 
transfonnos  mznufaaantd  lr<  }XMir  coespany 
10  dais? 

5.  Whai  size  and  voiiagc  ranges  are  a\-2ii2bk? 


6.  WffiH  jswcilk  a5rg^isr^Ir«^ss  esats  caa  am! 
lasadcraaKS  £30ffl  ai2r3£S!»e  aai  2CS  tnea  any 
spfcaioES  »aers  ihry  joscli  lot  oy  !2Sid? 

7.  WTsai  fee  assiE^ias  ossa  daoe  CO  yets- cens- 
jsssy's  cas  cosi  ir^aScnscn? 

8.  Wfeai  are  ifee  cesabesioa  bj-prodsira  p^ro- 
{fared  vtira  a  saspue  d  ibs  sssam  oied  m 
earapssdaee  E»  coine  is  fereed  lo  btsn? 

9.  Are  >Toer  coopassy's  casi  coii  oaasforniers 
prm'ca  lo  fe  safe  in  fire  aiasiioss — eiiber 
froea  inieinal  arcing  or  scosc  oiber  exiema] 
sooice? 

10.  Provide  (Xfacr  infonnaiioo  ilss  (Seals  w-iBUfee 
icsiiag  or  rdial^y  of  your  censpany’s  cast 
coil  t>T3C  transforiDer. 
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June  3»  t^3 


Idaho  ^Sational  Engineering  Lahcratcry 
E.  G,  &  G.  Idaho  Inc. 

?.  0.  3ox  1625 
Idaho  Fails,  ID  35415 


Attenticn;  Hr.  Scott  HoBride 


Dear  Mr.  McBride: 

In  response  to  your  letter  of  I^y  9»  1988  (copy  attached),  I  will  respond 
to  your  questions. 


1.  I  am  enclosing  a  copy  of  our  bulletin  MD-1,  which  gives  a  detailed 
description  of  cur  Power -Cast  tranfonser. 

2.  We  shipped  our  first  Power-Cast  transformer  from  our  Clearwater,  FL 
piant  in  July  of  1979* 

3.  Our  Power-Cast  transformer  is  designed  and  manufactured  based  on  the 
>fey  i  Christe  technology. 

4.  Vfe  have  manufactured  approximately  1400  Power-Cast  transformers  to 
date. 

5.  The  Power-Cast  transformers  are  available,  three  phase,  over  a  kVA 
range  from  300  -  10,000  k7A,  The  high  voltage  range  is  from  2.5k'/ 
through  34.5k'/  class.  The  low  voltage  range  is  from  1.2ky  through 
5.0ky  class. 

6.  The  greatest  attraction  for  Power-Cast  has  been  for  "?C3'*  replacement 
and  applications  where  severe  environmental  conditions  exist  (i.e. 
salt  laden  hign  humidity,  caustic  vapors,  etc.).  I  know  of  no 
application  where  the  product  meets  the  k'/A  and  voltage  requirements 
that  the  Power-Cast  should  not  be  used. 
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Mp.  Scott  JfcSricie 
June  3,  t9fi3 
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7-  I  an  enclosing  a  copy  cf  a  balletia  ptibiishsd  by  !-fey  i  Cnriste  which 
by  experts  exaaines  the  flsasnability  of  their  technology.  hie  use 
exactly  the  sasae  epoxy  ssterials  as  they  do.  5fe,  therefore,  feel  that 
this  data  aj^lies  to  the  Power-Cast  as  well. 

8.  I  ao  enclosing  a  copy  of  our  Product  Data  Bulletin  EI?-l9f  which 
addresses  Uie  products  of  cccicustion  of  cast  Bisphenol  "A"  epoxy 
traasfcrsser  coils  in  great  detail.  It  should  be  noted  that  the  data 
given  is  the  results  cf  actual  testing. 

9.  Experience  supports  a  non-flanBabie  classification  as  defined  as  not 
being  able  to  support  ccabustion  and  will  seif-ex tinguish. 

10.  We  have  experienced  a  very  snail  nunsber  of  failures,  approxisateiy 
3/10  of  one  percent,  for  the  entire  population  sanufactared  over  a  9 
year  period. 


If  we  say  be  of  farther  service,  please  advise. 

Regards, 

SOJARE  D  CaiPANY 

W.  E.  Featheringill  ^ 

Transfonssr  Iferketing  Specialist 


WE? :  tih 
Enclosures 
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GE  Electrical  Oistributia 
and  Control  Sales  Oivis. 


May  12,  1988 


Scott  A.  McBride 

Electrical  Engineer 

Idaho  National  Engineering  Lab 

P.  0.  Box  1625 

Idaho  Falls,  Idaho  83415 

Subject:  Cast  Coil  Transformers 

Gentlemen: 

In  response  to  your  May  9,  1988  letter  I  would  like  to  respond  as  follows: 

1.  See  attached  product  bulletins.  We  manufacture  and  impregnate  our 
own  transformers  complete. 

2.  We  have  built  our  own  transformers  since  1982. 

3.  We  are  licensees  of  Trafo-Union  of  Germany.  They  have  been  building 
transformers  since  1969. 

4.  We  have  manufactured  over  600  units.  Trafo-Union  has  manufactured 
over  20,000  units, 

5.  We  build  34.5  KV  150  KV  BiL  primary  to  5000  KVA,  15  KV  primary  to 
6000  KVA,  so  our  max.  primary  voltage  is  34.5  KV.  Our  max.  KVA  is  at 
15  KV  and  is  6000  KVA.  We  have  a  maximum  outer  diameter  of  40"  pri¬ 
mary  cast  winding.  If  we  want  lower  losses,  higher  BiL,  etc.,  we 
would  sacrifice  KVA  or  voltage  to  keep  the  diameter  within  40". 

6.  Cast  coil  transformers  are  most  attractive  where  there  is  a  dirty 
environment,  area  where  maintenance  is  very  difficult.  High  avail¬ 
able  short  circuit  currents.  Attractive  in  all  applications  really. 
Only  application  where  they  should  not  be  used  is  where  the  ambient 
temperature  would  drop  below  -50*C. 

7.  See  attached  video. 

8.  See  attached  video. 
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Scott  A.  McBride 

Idaho  National  Engineering  Lab 

May  12,  1988 

Page  2 _ 


9.  See  attached  video. 

10.  We  have  an  offering  that  no  one  else  can  match.  We  have  100%  impreg¬ 
nation  due  to  our  manufacturing  process.  No  one  else  does. 

We  do  a  partial  discharge  test  and  guarantee  our  transformer  to  be 
partial  discharge  free  up  to  200%  at  15  KV,  175%  at  25  KV  and  160% 
at  34.5  KV. 

All  our  transformers  get  impulse  tests  as  standard. 

We  feel  thaat  with  our  experience,  American  manufactured  product  and  superior 
quality  we  have  a  very  good  offering  for  you.  I  would  like  to  meet  with  you 
and  go  over  the  info  I  have  sent  to  you.  .  Please  allow  me  to  be  of  service. 

Sincerely , 

3- 

Richard  D.  Estes 
Sales  Engineer 

RDE:ks 


5fv=cO.  airs 


^ki) 
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ELMA  ENGINEERING 


(LICraO-MACNCTIC  tOUlPMCMT,  TMNSFOUMMS 

SOLIO  statc  comtaol.  imouction  hcatinc  ano  test  systems 


1066  EAST  MEADOW  CIRCLE,  PALO  ALTO.  CALIFORNIA  94303 
PHONE  (41S)  494-7303.  TELEX  345-560 


May  31,  1988 


Mr.  S.A.  McBride 

Electrical  Engineer 

IDAHO  NATIONAL  ENGINEERING  LAB 

P.O.  Box  1625 

Idaho  Falls,  ID  83^15 

Sub:  Cast  Coll  Transformer  SAM- 1-88 

Dear  Mr.  McBride: 

Following  up  your  letter  of  May  9,  1988,  and  confirming 
our  telephone  discussions,  enclosed  are  a  number  of 
Elma  Engineering  documents  which  should  address  most 
of  the  questions  attached  to  your  letter. 

The  two-page  background  summary,  BG-CCT,  highlights 
features  of  the  cast  coil  design,  and  Elma  Engineering's 
involvement  in  developm.ent  of  the  product.  We  have  been 
manufacturing  our  own  design  in  power  distribution  sizes 
(over  500  KVA)  for  about  15  years.  We  estimate  the  total 
number  of  cast  coil  transformers  manufactured  by 
Elma  Engineering  to  exceed  ^50. 

As  detailed  in  the  thirteen-page  "comparison"  booklet, 
we  manufacture  cast  coll  power  transformers  up  to  5000  KVA 
and  36  KV.  Please  refer  to  the  ^l-page  sales  bulletin  for 
standard  capacities  and  voltage  ranges.  In  addition,  special 
sizes  can  be  designed  consistent  with  available  casting 
molds.  Elma  Engineering  has  one  of  the  most  complete  sets 
of  casting  molds  available  in  the  industry.  Special  arrange¬ 
ments  of  HV/LV  terminations  can  be  designed,  which  is 
frequently  necessary  in  PCB  change-out  projects. 

As  we  have  discussed,  flammability  tests  have  been  conducted 
on  the  epoxy  resin  system  used  in  Elma  cast  coil  transformers. 
The  "torch"  tests  are  documented  on  the  enclosed  film  strip, 
which  we  have  made  available  for  your  review.  We  would 
appreciate  your  returning  this  film  when  you  are  finished 
using  It. 
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Regarding  combustion  by-products  of  the  resln/insulation 
system,  we  are  advised  by  customers  who  have  investigated 
the  matter  that  the  products  of  combustion  are  non¬ 
polluting  and  non- toxic  to  humans.  We  have  enclosed  two 
cutaway  samples  of  a  typical  casted  coil  for  your  use 
should  you  wish  to  conduct  your  own  tests. 

We  are  convinced  that  when  properly  installed  on  applications 
well-suited  for  cast  coil  transformers,  and  when  operated 
within  design  capacities  and  voltages,  cast  coil  transformers 
offer  many  features  superior  to  liquid  filled  or  ordinary 
dry-types.  We  hope  that  this  material  will  provide  you 
with  sufficient  information  to  enable  you  to  reach  the  same 
conclusion. 


Sincerely, 


Thomas  A.  Beno 
Vice  President 


— ■ 


Enel:  (5) 
ib 
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Square-D 

Appendix  B  contains  descriptions  for  the  following 
companies:  Square-D,  National  Industri,  Inc.,  Elma 
Engineering,  and  General  Electric  Company. 

Square-D  manufactures  their  Power-Cast  trans¬ 
formers  based  on  the  May  &  Christe  technology.  They 
have  been  building  cast  coil  transformers  in  America 
for  approximately  9  years.  Their  first  Power-Cast 
transformer  was  shipped  in  mid  1979.  To  date, 
Square-D  has  built  approximately  1400  such  trans¬ 
formers.  May  &  Christe  has  built  cast  coil  transform¬ 
ers  in  Europe  since  the  early  1960s. 

The  Power-Cast  transformers  are  available,  three 
phase,  over  a  kVA  range  from  300  to  10,000  kVA.  The 
high  voltage  range  is  from  2.S  kV  through  34.S  kV 
class.  The  low  voltage  range  is  through  S.O  kV  class. 

The  Power-Cast  II  transformer  uses  a  bisphenol  A 
(BPA)-based  epoxy  reinforced  with  glass  cloth  and 
small  quantities  of  Quintex  paper  for  insulation  be¬ 
tween  the  aluminum  conductors.  The  Power-Cast 
transformers  are  equivalent  to  the  Power-Cast  II  ex¬ 
cept  that  the  Power-Cast  typically  incorporate  copper 
windings  instead  of  aluminum.  The  Square-D  cast  coil 
transformers  are  encapsulated  using  laminar  construc¬ 
tion  with  layers  of  fiberglass  cloth  impregnated  with 
pure  (unfilled)  resin,  unlike  the  silica-filled  resin  of 
the  NICAST  transformers.  This  technology  uses  a 
thinner  epoxy  cross  section  than  the  filled  design  with 
comparable  performance  and  su-ength.  However,  pre¬ 
cision  molds  are  required. 

Both  the  primary  and  secondary  coils  are  vacuum 
cast  with  the  same  construction  technique.  This  tech¬ 
nique  uses  cooling  vents  throughout  the  length  of  the 
windings  and  a  relatively  thin  layer  of  epoxy  coating. 

National  Industri  Transformers, 
Inc. 

National  Industri  observed  the  extensive  use  of  cast 
coil  technology  in  Europe.  In  the  1970s,  National 
Industri  decided  that  it  would  be  feasible  to  attack  the 
U.S.  market  with  “fire  resistant”  transformers. 
National  Industri  cunently  has  over  7000  vacuum  cast 
dry-type  transformers  in  service. 


National  Industri’s  NICAST  transformers  utilize 
their  own  design  technology,  which  in  some  ways 
closely  resembles  the  Traffo-Union  design.  However, 
National  Industri  is  not  a  licensee  of  Traffo-Union. 
Some  of  the  design  highlights  are  described  in  the  fol¬ 
lowing  paragraphs. 

The  NICAST  transformer  uses  a  BPA-based  resin, 
an  anhydride  curing  agent,  a  flexibilizer,  and  a  silica 
filler.  National  Industri  uses  a  unique  insulation  com¬ 
bination  that  consists  of  NOMEX  and  epoxy.  The  coil 
turns  are  first  wrapped  with  NOMEX  insulation  that  is 
rated  at  200PC  and  then  the  entire  coil  is  encapsulated 
in  the  above  epoxy  resin  mixture,  which  is  reinforced 
with  two  fiberglass  sheets  one  inside  and  one  outside. 
The  pure  epoxy  in  the  mixture  is  rated  at  1SS°C.  Silica 
filler  is  added  to  increase  the  temperature  rating  to 
approximately  200*^. 

The  high-voltage  (HV)  coils  are  disk  wound  with 
NOMEX  turn  insulation  with  either  aluminum  or  cop¬ 
per,  rectangular  or  foil  conductor.  Every  other  disk  is 
upset  in  order  to  eliminate  turns  from  crossing  each 
other,  so  that  internal  mechanical  stress  concentrations 
are  minimized  during  resin  shrinkage.  All  HV  coils  are 
vacuum  cast  in  mold. 

The  low-voltage  (LV)  coils  are  constructed  in  either 
a  foil  strip  or  continuous  layer.  These  coils  can  be  de¬ 
signed  with  or  without  cooling  ducts  and  with  either 
aluminum  or  copper  conductor.  Ttim-to-tum  insula¬ 
tion  can  be  either  NOMEX  or  fiberglass.  Both  round 
and  oval  cross  sections  can  be  constructed.  The  oval 
configuration  is  currently  being  developed  in  order  to 
reduce  the  length  dimension  to  make  the  cast  coil 
transformer  more  attractive  for  PCB  replacements. 
The  secondary  coils  may  be  encapsulated  in  one  of 
three  different  ways  (1)  vacuum  cast  in  mold  like  the 
primary  winding,  (2)  dip  cast  (Dynacast),  or  (3)  VPI- 
vacuum  pressure  impregnated.  Low  precision,  less 
costly  molds  are  requLed  for  this  design. 

National  Industri  builds  cast  coil  transformers  from 
50  kVA  to  7500  kVA  with  voltage  ratings  from  2.4  kV 
to  35  kV.  They  can  also  build  banks  of  single  phase 
units  to  handle  needs  larger  than  7500  kVA. 

Elma  Engineering 

Elma  Engineering  is  a  small  California-based  com¬ 
pany  composed  of  approximately  50  employees.  The 


B-3 


company  was  established  in  1964  and  began  building 
cast  coil  transformers  at  that  time.  Elma  Engineering 
does  not  rely  on  any  foreign  source  for  transformer  de¬ 
signs.  The  complete  transformer  is  designed  and  built 
at  their  factory  in  Palo  Alto,  California.  Their  design 
resembles  the  May  &  Christe  design.  Elma  has  been 
manufacturing  cast  coil  transformers  for  approximate¬ 
ly  15  years  and  has  approximately  350  power  distribu¬ 
tion  size  devices  in  the  field  to  date. 

Elma’s  cast  coil  tranformers  are  available,  three 
phase,  from  112  kVA  to  5000  kVA  in  voltage  classes  of 
2.4kVto36kV. 

Both,  the  HV  and  LV  windings  are  separately 
vacuum  epoxy  cast  in  a  machined  metal  mold, 
providing  two  rigid  tubular  coils  with  no  rigid 
mechanical  connection  between  their  concentric 
arrangement.  The  epoxy  is  completely  reinforced  with 
continuous  filament  fiberglass  to  provide  high  me¬ 
chanical  strength  and  to  prevent  the  epoxy  from 
cracking.  High  precision  molds  are  needed  for  this 
design. 

The  epoxy  resin  used  is  formulated  to  closely  match 
the  coefficient  of  expansion  of  the  copper  windings. 
This  design  utilizes  pure  (unfilled)  epoxy. 

General  Electric 

General  Electric  has  manufactured  Geafol  cast  coil 
transformers  since  1982  under  a  license  of 
Traffo-Union.  They  have  just  recently  developed 


some  new  techniques  and  have  moved  away  from  the 
original  licensing  agreement.  They  now  manufacture 
their  own  product.  General  Electric  has  manufactured 
over  600  units  to  date. 

The  Geafol  transformers  are  available,  three  phase, 
with  kVA  ratings  from  500  kVA  to  6000  kVA  (at 
15  kV)  at  voltages  of  2.4  kV  to  34  kV  except  the  maxi¬ 
mum  size  of  the  units  at  the  34  kV  class  is  5000  kVA. 

The  HV  windings  are  comprised  of  several  individ¬ 
ual  aluminum  strip  coils,  vacuum  cast  in  epoxy  resin 
with  quartz  powder  filler.  The  aluminum  strip  wind¬ 
ings  are  individual  coil  sections  wound  utilizing  the 
aluminum  foil  technology.  The  sections  are  connected 
in  a  series.  Multiple  layers  of  polyester  film  provide 
the  necessary  turn  insulation. 

The  LV  windings  are  sheet  windings  employing  a 
different  manufacturing  method  from  the  HV  wind¬ 
ings.  A  foundation  cylinder  is  first  wrapped  with 
several  layers  of  glass  fabric  impregnated  with  ester- 
imide  resin.  Full  width  aluminum  sheet  and  impreg¬ 
nated  glass  fabric  insulation  are  then  wound  onto  the 
cylinder.  The  full  width  sheet  winding  is  then  wrapped 
with  impregnated  glass  fabric  and  cured  in  an  oven. 
The  ends  of  the  v/indings  are  potted  with  an  air  dried 
epoxy.  This  technique  is  similar  to  the  nonvacuum 
secondaries  produced  by  National  Industri. 

In  the  past.  General  Electric  has  purchased  cast  type 
secondaiy  coils  form  their  competitors  for  their  cus¬ 
tomers  that  require  vacuum  cast  LV  coil  designs.  Low 
precision  molds  are  needed  for  this  design. 
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INEL  BYPRODUCTS  OF  COMBUSTION  FIRE  TEST  REPORT 


Byproducts  of  Combustion  of 
Bisphenoi  A  Epoxy  Resin 

Introduction.  The  U.S.  Navy  is  currently  in  the 
process  of  replacing  their  polychlorinated  biphenyl 
(PCB)  transformers  with  ones  that  are  more  environ- 
ment^y  safe.  One  of  the  proposed  replacements  is  a 
transformer  that  uses  bisphenoi  A  (BPA)  epoxy 
insulated  coils.  There  is  a  concern  over  the  possible 
health  hazards  associated  with  the  combustion  prod¬ 
ucts  of  the  BPA  epoxy  if  the  transformers  were 
inadvertently  subjected  to  high  temperatures.  One 
study  has  alr^y  been  completed  and  has  shown  that 
toxic  gases  are  produced  by  the  combustion  of  BPA 
epoxy;  however,  the  amount  of  toxic  gases  in  air  found 
was  well  below  the  recommended  permissible  expo¬ 
sure  limit  for  humans.^ 

The  Naval  Civil  Engineering  Laboratory  (NCEL) 
has  provided  two  samples  of  BPA  epoxy,  one  red  in 
color  (Square-D  Company)  and  one  brown  in  color 
(General  Electric  Company),  to  be  chemically  eva¬ 
luated  with  respect  to  combustibility  and  toxic  prod¬ 
ucts  given  off  during  combustion  or  pyrolysis  in  an 
inert  atmosphere.  The  required  work  n^ed  to  com¬ 
plete  the  chemical  evaluation  was  broken  into  two 
parts.  The  objective  of  this  part  of  the  study  was  to  de¬ 
velop  the  experimental  methods  to  do  the  analysis  and 
obtain  initial  results.  This  paf^er  discusses  the  initial  re¬ 
sults  of  the  qualitative  and  quantitative  analysis  of  the 
combustion  products  of  the  BPA  epoxy  and  details 
what  further  work  must  be  done  in  the  second  part  of 
the  study.  Figures  C-1  through  C-6  show  BPA  epoxy 
samples. 

Experimental.  The  experimental  work  for  this  study 
was  done  along  the  same  lines  as  those  found  in  one  of 
the  articles  during  the  literature  search.^  The  analysis 
was  carried  out  in  three  phases  (1)  chemical  and  physi¬ 
cal  characteristics  of  the  two  epoxies  were  determined, 
(2)  temperatures  at  which  chemical  and  physical 
changes  take  place  in  controlled  air  and  nitrogen 
aunospheres  were  determined,  (3)  the  four  toxic  com¬ 
pounds  previously  identified  from  the  pyrolysis  of 
BPA  were  identified  and  quantitated  for  samples  col¬ 
lected  over  the  entire  combustion  process.* 

In  phase  (1)  the  chemical  composition  of  the  two 
materials  was  verified  using  infrared  (IR)  spectrosco¬ 


py.  Also,  pieces  (£q)proximately  2  nun  x  2  cm  x  5  cm) 
of  the  two  polymer  samples  were  ignited  with  a  bunsen 
burner.  The  heat  source  (the  bunsen  burner)  was  then 
removed  to  see  if  the  plastic  would  support  a  flame. 

In  phase  (2),  the  temperatures  at  which  changes  took 
place  during  heating  of  the  polymers  were  determined 
by  thermogravimetric  analysis  (TGA).  These  experi¬ 
ments  were  carried  out  under  both  an  inert  (nitrogen) 
atmosphere  and  an  oxidative  atmosphere  (air).  The  in¬ 
ert  atmosphere  was  selected  to  evaluate  the  thermal 
stability  of  the  polymers  in  a  nonoxidizing  atmosphere 
that  may  undergo  thermal  fluctuations,  such  as  the 
polymer  that  is  located  internally  near  the  aluminum  or 
copper  coil  wires  of  the  transformers  where  the  resis¬ 
tance  heating  is  at  a  maximum. 

Phase  (3)  of  the  analysis  was  done  using  gas  chro¬ 
matography  (GC).  Attempts  to  collect  the  gaseous 
products  from  the  TGA  experiments  for  GC  analysis 
proved  futile  as  only  10  mg  of  material  could  be  used 
effectively.  To  collect  the  gaseous  products  from  the 
pyrolysis  of  the  materials  under  both  the  inert  and  oxi¬ 
dative  atmospheres,  a  simple  apparatus  was  con¬ 
structed  employing  a  tube  furnace  and  an  impinger 
containing  2  mL  of  emthylene  chloride  cooled  to 
-78*C  in  an  acetone/dry  ice  bath.  The  quartz  furnace 
tube  and  apparatus  were  also  rinsed  with  methylene 
chloride  and  the  rinsate  diluted  to  10  mL  and  subse¬ 
quently  analyzed  by  GC.  The  resulting  solutions  were 
analyzed  by  GC  with  separation  on  a  10%  SP  2100 
pacl^  column  (Supelco  Chromatography  Suppliers) 
in  a  Perkin-Elmer  Sigma  2  Gas  Chromatograph 
equipped  with  a  flame  ionization  detector  (FID).  Ihe 
temperature  program  was  as  follows:  isothermal  for 
S  minutes  at  SOT,  then  a  ramp  at  8°C/minute  to 
230T,  and  a  thermal  elution  at  230°C  for  S.O  minutes. 
The  injector  and  detector  were  held  at  270T  and  the 
eluent  (He)  flow  rate  was  30  mL/min. 

Results  and  Discussion. 

PhaSO  (1).  While  working  with  the  two  polymers 
during  the  physical  evaluation,  it  was  noted  that  both 
materials  were  very  hard  and  that  the  “red"  was  much 
more  brittle.  Chemical  evaluation  of  the  two  epoxy 
materials  using  IR  spectroscopy  confirmed  that  both  of 
the  samples  were  composed  of  BPA.  The  “brown" 
polymer  also  contained  bands  that  were  indicative  of  a 
silica-based  filler,  most  likely  the  quartz  powder  used 
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1  in.  calibration 
mark 
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Figure  C-1.  This  photogr^h  is  of  two  unfilled  BPA  epoxy  samples  (Square-D)  that  have  been  subjected  lo  the 
bum  tests.  The  flames  consumed  a  small  portion  of  the  material,  but  the  degradation  did  not  reach  the  1  in.  mark. 
The  material  proved  to  be  nonbuming  by  the  definition  of  the  test  procedure. 
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Figure  C-2.  This  photograph  is  of  two  silica-filled  BPA  epoxy  samples  (National  Industri  Transformer,  Inc.) 
that  have  been  subjected  to  the  bum  tests.  The  flames  caused  a  minimum  amount  of  degradation  of  the  material.  In 
comparison  to  Figure  C-I  the  filled  sample  was  less  effected  than  the  unfilled  sample.  This  material  also  proved  to 
be  nonbuming  by  the  definition  of  the  test  procedure. 
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Figure  C-3.  Thisphotogrqrhsbowsaaosssectioaofacastcoiltakea&DinanEliiiaEi^iiiccringtiaiisfaniiec 
The  section  shows  the  coil  coocfaictors  and  ifaciasulating  sheers  ifaalsepatalc  the  niTTB  as  wdl  as  the  qioxy  layer  that 
is  used  to  encapsulate  ibe  witidings.  This  particular  desi^  also  iised  a  of  fiber  glass  to  provide  rnnfoicettiettt. 
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Figure  C-5.  This  photograph  is  very  similar  to  Figure  C-4  except  that  samples  6  to  10  are  diown  of  each  type 
of  epoxy. 
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Figure  C-6.  Theimograms  of  both  the  brown  and  red  polymers  obtained  under  an  air  atmosphere. 
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as  a  itsin  hardener  in  the  General  Electric  transform¬ 
ers.^  The  reinforcement  of  the  resin  in  the  Squate-D 
transformers  was  done  using  a  fiber  glass  filler.'*  This 
fiberglass  filler  did  not  show  up  in  the  spectroscopy  of 
the  “red”  polymer.  This  absence  of  the  Hller  is  a  possi¬ 
ble  explanation  of  the  “red”  polymer’s  extra  brittle¬ 
ness.  The  test  samples  used  for  these  tests  were 
approximately  2  mm  x  2  cm  x  S  cm,  which  is  substan¬ 
tially  smaller  than  those  used  for  the  other  material 
tests. 

Phase  (2).  The  IR  analysis  was  followed  by  TGA 
of  the  epoxies  to  determine  their  characteristics  with 
increasing  temperatures  (10°C/minute).  Under  the  in¬ 
ert  atmosphere  (nitrogen)  both  polymers  began  to  de¬ 
compose  at  300-350“C,  while  the  “brown” 
(Rgure  C-6)  polymer  only  lost  approximately  50%  of 
its  weight  by  420°C.  The  remaining  50%  of  the 
“brown”  polymer  was  a  black,  hard  solid  that  was  de¬ 
termined  by  IR  spectroscopy  to  be  composed  primarily 
of  the  silica  filler.  The  black  color  was  assumed  to  be 
from  elemental  carbon.  The  absence  of  any  residue 
from  the  decomposition  of  the  “red”  polymer  again 
shows  that  the  Square-D  samples  did  not  contain  their 
fiber  glass  filler. 

Under  the  oxidative  atmosphere  (air)  TGA  showed 
that  the  “red”  polymer  (Figure  C-2)  began  to  decom¬ 
pose  at  250°C  with  rapid  oxidation  occurring  from  350 
to  435'’C  and  a  net  weight  loss  of  approximately  85%. 
The  remaining  15%  was  oxidized  completely  between 
535  to  580‘’C.  The  “brown"  polymer  (Figure  C-7)  also 
began  to  decompose  at  250°C  with  rapid  oxidation  be¬ 
tween  330  to  420°C  and  a  net  weight  loss  of  40%.  A 
second  oxidation  step  was  seen  between  450  and 
500°C  with  an  additional  15%  weight  loss.  The 


remaining  45%  was  a  pinkish  powdo*  that  was  deter¬ 
mined  to  be  the  silica  filler  by  IR  spectroscopy.  These 
TGA  curves  are  fairly  typical  for  most  organic 
polymers.^-^ 

Phase  (3).  TVpical  gas  chromatograms  of  the  col¬ 
lected  gaseous  pyrolysis  products  are  shown  in 
Figures  C-8  through  C-13.  The  chromatograms  of  the 
gases  collected  in  the  impinger  contained  light  weight, 
low  boiling  hydrocarbons  that  eluted  before  the  me¬ 
thylene  chloride  as  well  as  many  heavier  hydrocar¬ 
bons.  Benzene,  toluene,  ethylbenzene,  and  phenol 
were  positively  identified  in  the  impinger  solutions, 
and  phenol  was  also  identified  in  the  rinsate.  The  four 
toxic  compounds  mentioned  were  previously  identi¬ 
fied  and  quantified  from  the  pyrolysis  of  BPA. 
Table  C-1  is  a  brief  summary  of  the  quantitative  re¬ 
sults  that  were  obtained  in  this  study.  These  results  are 
much  higher  than  those  previously  reported 
(Table  C-2). 

If  we  used  the  same  hypothetical  situation  that  was 
used  in  the  previous  study  of  BPA*  on  the  results  from 
this  study,  it  would  indicate  that  both  the  phenol  and 
benzene  would  be  above  the  permissible  exposure 
limit  (Table  C-3).  These  levels,  however,  would  most 
likely  pose  no  threat  to  fire  fighters  in  the  immediate 
area  because  of  the  dilution  of  the  toxins  that  would 
occur  in  the  area  holding  the  transformer.  Heating  rates 
during  the  pyrolysis  may  offer  one  possible 
explanation  for  these  results.  The  slower  heating  rates 
used  in  this  study  may  produce  larger  quantities  of 
gaseous  products.  The  number  of  gaseous  products  and 
amounts  of  these  products  are  greater  when  formed 
under  a  Nz  atmosphere  primarily  due  to  the  fact  that 
they  are  not  able  to  be  oxidized  to  CO  or  CO2. 
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Figure  C-7.  Thermograms  of  both  the  brown  and  red  polymers  obtained  under  a  N2  atmosphere. 
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File  37,  Run  5,  Started  11:20.4, 87/12/01,  SP2100 
%  Method  1,  SP2100,  Last  Edited  09:19.5  87/12/01 


B  W-6 

8.08 


1.854 

Methylene  chloride 

5.06 

Benzene 

9.43 

Toluene 

12.65 

Ethylbenzene 

15.75 

Phenol  ? 

22.64 

Possibly  plastisizerhardner 

Figure  C-8.  Pyrolysis  products  of  0.2880  g  of  brown  under  an  air  atmosphere. 
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Figure  C-1 1 .  Chromatogram  of  products  rinsed  from  furnace  tube  with  methylene  chloride  after  pyrolysis  of 
red  under  an  air  atmosphere. 
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File  40,  Run  8.  Started  15:42.3  87/12/01,  SP2100 
%  Method  1,  SP2100,  Last  Edited  09:19.5  87/12/01 


W-3A-64C-100-5 


Red,0.1152g 


25.46 
►  26.07 


28.42 
^  29.17 
29.76 


1.862  Solvent  (methylene  chloride) 
15.78  Phenol  (possibly) 

22.59  Possibly  plastisized  hardner 


Figure  C-12.  Chromatogram  of  the  pyrolysis  products  of  0.1331  g  or  red  under  an  N2  atmosphere. 
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Figure  C-1 3.  Chromatogram  of  products  rinsed  from  furnace  tube  after  pyrolysis  of  the  red  under  a  nitrogen 
atmosphere. 


Table  C-1 .  Concentration  of  toxic  pyrolysis  products  of  BPA  polym^  testing  preferred 


Concentration 

(mg/g) 


Air  Atmosphere _  Nitrogen  Atmosphere 


Compound 

Red* 

Brown** 

Red 

Brown 

Benzene 

3.1 

1.2 

7.8 

1.24 

Toluene 

0.65 

0.26 

1.9 

0.86 

Ethylbenzene 

0.12 

0.25 

0.15 

0.13 

Phenol 

2.8 

4.3 

10.0 

— 

a.  Red  is  Square-D  polymer. 

b.  Brown  is  General  Electric  polymer. 


Table  0-2.  Comparative  results  of  concentrations  of  toxic  pyrolysis  products  of  BPA  polymers  in  air 
atmospheres 


Concentration 

(mg/g) 


Current  Study 

Previous  Study 

Red* 

Brown** 

(1) 

Benzene 

3.1 

1.2 

0.0015 

Toluene 

0.65 

0.26 

0.0026 

Ethylbenzene 

0.12 

0.25 

0.002 

Phenol 

12.8 

4.3 

0.026 

a.  Red  is  Square-D  polymer. 

b.  Brown  is  General  Electric  polymer. 


Table  C-3.  Concentration  of  toxic  vapors 


Permissible 

Exposure  Limit 

Estimated  Concentration 

in  Air  mg/m”^ 

Generated  by  Combustion  of 

Toxic  Vapor 

(ppmw) 

Red*  BPA  Epoxy  in  Air  mg/m^ 

Benzene 

(25) 

355.0 

Toluene 

375 

74.2 

Ethylbenzene 

(100) 

435 

13.7 

Phenol 

(200) 

19 

1462.0 

a.  Red  is  Square-D  polymer., 
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RRE-TESTING 


AjB**  8  KtTa’id.  ‘‘  s5fli» 


Do  epoxy-cast-coii 
transformers  bum 
or  support 
combustion?  If  so. 
do  they  emit  toxic 
combustion 
products? 

Detailed  tests 
provide  some 
ansv/ers. 


The  !i5-5iTe  "W  fev-  MB  sastsCstlceaaiAr  nf 

•tsi  rfji—iiifii’  irseiiioRser  i&asc  s  a 
SMbjeel  «f  a«K»Sc?aarae  •&€!»»«  aad 
cmumtnf  todbv.  I'sMervRUts  Laumto- 
rits  I^UU  ami  VxXmry  ^auai  'FMl  a«c 
cMiirrtr  dWrrrsl  staanank  Ut  dasMfj  or  Set 
Shrer  imifi.  rark  aaUb  dUTcml  rruifilo*" 
ntc9U  for  aartaifai;  ekr  tnmivram.  Toe 
Nalicanl  EfeOfical  ^nasmimexattat  AsmcZ' 
aoa  «NE31AL  UL  F5I.  NEC  caamktmes.  'iw 
ESeclnal  IWer  He&rao  lasuutie  cEPRI) 
and  •mha  iaUnsitd  caries  arr  aUmptaie 
io  ptodoce  4ae  ancrersaZf  accepted  sun- 
dorl  A  tnnsfoRBer  are  caa  resait  frvis  a 
faunre  witliia  the  ’jxisfiixmeT  hscif  from  a 
fatih.  that  causes  a  “h«i»  spot"  that  exrcnk 
the  rniags  of  the  trsnsfornier  ntate;^  or 
oeates  aa  eiectric  arc  that,  sgtsstes  surroaiyi' 
ioe  materiak.  The  transfonner  can  ako  he 
snhjrcto!  to  heat  ami  ilanie  from  a  fire  or 
eiectrk  are  extemai  to  the  transfoRser. 

Transfonner  fiuid  exposed  to  Sn  ran  ig¬ 
nite  and  continue  to  burn,  ignite  and  seif- 
extincaish.  or  not  ignite  at  ad.  Diifcrent 
fluids,  vhen  burning,  release  heat  at  varying 
rates.  Products  of  eomhustson  can  vary  from 
extremely  toxic  lo  cnmnietciy  smioxx. 

While  askarel  is  noniianunable.  arhen  it  is 
subjected  to  very  high  temperatures  from  an 
interna]  arcing  fauit  or  external  .ore,  it  pro¬ 
duces  .soot  that  carries  and  ilqiosiLs  the 
I’CIJs  far  from  Uie  transformer.  In  aiHiitimi. 
it  produces  gases  and  other  compounds  that 
arc  e,xtrcme!y  toxic  .\sk3rel  transformer 
tires  in  .severai  buiidings  have  rcnderisj  them 
umiiaiiitablc  for  years,  a-ith  cleanup  costing 
miilioas. 

Effects  of  fire  on  cast  coils 

The  attention  focused  on  the  etfects  of  fire 
on  transformer  fluids  has  also  resulted  in 
con.siderable  uLscu.ssion  on  the  eifccLs  of  in¬ 
ternal  failure  or  e.xlcrnai  -lames  on  aist-coil 
tratisformers  in  iiarticular.  Does  the  ejicxy 
material  t^-  it  encapsulates  the  coil  or  coils 
hum?  Does  it  siist-un  '•nmbii.stion?  Arc  the 
products  of  com'uu.stion  toxic?  Because  little 
data  is  available,  many  myths  are  circulating, 
some  perhap.s  fostered  by  the  competitive 
marketplace.  One  major  maniifaclupT  of 
casl-eoil  trails  foriiii-rs  felt  that  it  '.voiuil  lie 
valaaiile  to  einniiicl  careful  U'sl-s  to  olilaiii 
faeliiai  infonnalion 


Apparaliis  for  tUmmabgty  test 


it  vas  cons  dered  necessary  to  run  two 
series  of  tests.  One  investigated  th^  fbmna- 
biiity  of  the  cast  epoxy  nateriol.  whether  it 
would  continne  to  bum.  and  the  time  re¬ 
quired  for  the  flame  to  extinguBh  when  the 
.vNirce  of  hnutioa  was  removed.  The  ocher 
determined  the  types  and  quantities  of  prod¬ 
ucts  of  combusdoo  oi  the  epoi^  compound, 
and  the  toxicity  of  these  products.  While 
some  tesUng  h^  been  done  over  the  yeats, 
this  was  a  comprehensive  program  to  obtain 
complete  infonnaum. 

.AU  epoxy  material  tested  was  the  .same  as 
is  used  for  encapsulation  of  the  coils  in  trans¬ 
former  production  and  has  the  following 
composition  by  weight 


Filler 

l31i>  [larts 

Resin 

1W»  parts 

Hardener 

SO  parts 

Rexibiiizer 

60  parts 

Coloring  pigment 

2  pans 

.iccelcrator 

0.4  uarts 

While  the  e.xact  nature  of  each  of  the  compo¬ 
nents  is  proprietary,  the  results  are  probably 
typical  of  materials  used  by  several  manufac¬ 
turers  of  cast-coil  transformers. 

Rammability  tests 

Three  series  of  tests  were  iierfunned  to 
determine  the  flammability  of  the  cast  coiLs. 
First,  tlic  flammability  of  the  epoxy  encap.su- 
laiing  material  itself  was  mea-sured,  using  a 
standard  .American  Society  of  Testing  Mate¬ 
rial  l.ASTMl  procedure.  Then  a  completed 
cast  niil.  as  normally  maniifariiin-il.  '.va.s 
suiijecli-ii  to  a  .siiiuilateil  internal  .ireing 
f.iull.  L'l'-l.  the  cniniileleii  cnii  •A'as  .^niijeclci 
In  an  inh-nse  external  llame. 


Ill  ruifjil  i'  :>■  M I !  :ii".AU/  ruic,  I'r,,,! 
ELECTRICAL  CONSTRUCTION  AND  MAINTENANCE 
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The  tftBtf  mtterial  -ns  tested  in  accor- 
^aaoe  •U  5tbHwfanl  Slctlml  of  Test  for 
FfaMabSly  of  ^f-Sii|i|Mrti^;  I’bstks. 
ASni  llcsc»lM  H  The  notrrbl 

netU  l!ie  deOeium  of  "seU  svppatVsttT  in 
the  stamanL  -U  riquinrii.  10  spenraeis  of 
tisr  maloiaL  each  ^  -  i;  ♦'  *•-  *cfr 

ttvini  hf  tbr  pfurrJarr  in  Ibr  slaitiiani.  I'aii- 
bmion  nocks  «eie  node  1  in.  and  4  in.  fram 
do  unriaiifd  oid  of  each  sample.  The  sam¬ 
ple  nnder  test  was  cfamprd  hnriznalallir  and 
the  (bme  of  a  bunsm  l>unirT  appbrti.  as 
shorn  in  tlw  £aenun  on  precious  paire.  Test- 

ine  was  done  under  a  fume  hood,  sbor  some 
phrfirg  cmil  iaxic  fuinrs.  The  liunscn  iNimer 
was  the  standard  I  on  tn  diameier.  with  the 
ilame  adjusted  to  pure  blue  (huthest  tem- 
pctatitre)  and  1  in.  hieh.  The  ftunc  was  ap¬ 
plied  for  esactlv  ZO  see. 

If.  after  two  attempts,  the  specimen  does 
not  iipiite.  it  is  considered  to  be  "nonbumin^ 
by  this  test”  If  the  .spedmen  continues  (o 
{•um  after  the  first  nr  seniml  icnition.  tiinini; 
is  started  when  the  Hanie  reaches  the  first 
nark.  I  irt  from  tlic  frw  ewt  and  sUiiHicd 
when  the  fbinc  rvadns  die  secomi  mark,  i 
ill.  from  U>e  free  cmL  A  .-.|irriiiicn  Uuil  Ininis 
to  the  4-in.  mark  is  considered  to  be  “burnini; 
by  this  test"  and  the  burning;  rate  is  deter- 
mined  by  the  time  it  takis  lo  burn  Uie  .1  lit 
between  the  two  marks,  if  the  siieamcn  ihies 
not  bum  to  the  4-in.  mark  after  the  first  or 
seamd  ignition,  it  is  judtfcil  to  l>e  “.selfi:xUn- 
jnikhinfr  by  tliis  tcst”  With  the  ‘Vxtcnl  of 
burning"  being  the  measured  length  burned. 

.All  10  specunens  under  test  ceased  to  bum 
in  from  2  min  20  .<!ec  to  2  min  Zn  sec  after  the 
:3)-scc  aiiplkation  of  ftime.  .ami  none  liuniial 
to  the  4-in,  mark.  Tlicrcfore.  the  epoxy  mate¬ 
rial  was  determined  to  be  "self-trxtinguishing 
by  this  test." 

Testing  the  coil 

There  are  no  industry  or  ASTM  standards 
for  testing  to  simulate  die  effects  of  internal 
faults  or  external  fl.aine  on  a  coil,  .so  it  w.as 
necessary  to  devise  test  procedures  that  rep¬ 
resented  most-severe  conditions  and  to  ob¬ 
serve  the  results. 

For  these  tests,  .a  reiiresenlalive  cast  high- 
voltage  coil  was  taken  from  a  normal  pnnluc- 
ticiii  run.  The  coil  w:ls  ;!(!  in.  high,  witli  an 
outside  dianielrr  of  in.  .ami  an  iiuside  iliam- 
eler  of  18  in.  It  consisted  of  multiple  layers 
of  aramid-insulated  aluminum  conductors, 
completely  covered  with  a  f;bergla.s.s  mat 
piaced  in  a  metal  mold,  and  c.xst  in  epoxy 
resin  under  vacuum  lo  eliminate  any  voids. 
The  epoxy  outer  layer  is  '/,  in.  thick  over  the 
winding. 

To  simulate  an  mtcrnal  arcing  fault  a 
l-in.-dia  hole  was  drilled  tlirough  the  Vi-m. 
epoxy  outer  coating,  exposing  the  aluminum 


A 


bitemai  arcinq  fauM  >s  sewAi;---;  Xy  .a 
•.vct'tifai  i—!  :<  am  nfC.i^s  .m*  ■  !*“•  mcoooed 

.aiiicaiKiiii  1  •-:'<hi''Sir  *ci»!ii«!  «'l  •  .i-.S  wsJ 

9«i.aaS:  a  *•/ J«:  eul  <o  Sv:  nytsfi  •  •■"si'J  !>•!.*  HJ 
surrcartdniq  etoxy  and  mew*5  airr  conduclof  (A). 
The  na-mc  c*  uommg  ecoxy  s  maiomtan  at  the 
vistanl  ax!  WiWJuv}  wex « leoxwial !!»).  Alter  a 
few  sccuiKis,  a«  flame  las  r-aitei2v  «•«- 
extirxpshed  Cl  and  a  i*r>  scccsvis  inter  has 
camcteiCy  exifujoished  ’iscil  (Di 

conductors  of  the  winding.  Due  end  of  the 
winding  was  connected  lo  the  negative  lead 
of  an  arc  welder,  and  an  arc  wxs  liniwa  from 
Uic  {wsitive  weider  oliTirmle  i«*  the  aluminum 
winding  e.xivistal  Uiroiigli  ihe  hole. 

Normally,  transfonners  arc  pnilected  by 
overcurrent  devices  that  should  clear  an  arc¬ 
ing  fault  b  :}0  cycles  .sec)  or  less. 
worst<ase  example  of  a  [H^orly  protected 
transformer  should  clear  in  less  than  four 
seconds.  To  represent  extreme  conditions,  the 
arcing  tests  stnrtcil  willi  a  see.  arc  doni- 
linii,  and  a  total  of  six  tests  vv:ls  ]H!rformcil, 
with  incre.xsing  durations  up  lo  IH)  sec.  The 
temperature  generalcii  w,t.s  sufficient  to  melt 
llie  aluminum  wire  and  to  exuddish  a  flame. 
(Pure  aluniinuni  melts  at  iir^rC.)  The  lime 
from  the  removal  of  llie  areing  electrode  heat 
.source  iiiilil  the  flame  w:us  exliiigiii.shed  w:us 
measorcil  ;aid  the  seciiiiMice  iiliiilgraplied  at 
uiiiforii!  iiilervals  (.sec  piiolosi.  The  results 
were  as  follows; 


Arc  duration 

Flame  extinction 

(see) 

(sec) 

5 

<»6 

10 

49 

•20 

82 

30 

109 

•45 

41  3 

?0 
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Flame  from  an  external  fire  is  smuialsd  by  ar. 
oxyace^/lcne  cutting  torch,  applied  at  the  bottom 
O’  the  col  so  dial  the  iieat  <^1  ignie  as  much 
epoxy  as  possible  (A).  As  with  the  arong  fault,  the 
flame  of  bunwig  epoxy  is  maximum  as  the  torch  is 
removed  (B).  starts  to  seif-cMinguish  (C).  arxf  a 
feviv  soaxxts  Uitnr  lias  liilly  cxtiixiinsliod  iLsell  (D) 

It  is  clear  from  Uiese  a'sulLs  Uiat  a  fire, 
with  bumtnij  epo-xy,  startintc  from  an  inter- 
noi  failure  in  the  coil,  should  be  .self-e.xtin- 
tmishing  within  a  short  time  after  the 
internal  electrical  fault  is  cleared  by  overcur- 
rent  or  other  protective  devices. 

It  was  more  difficult  to  simulate  an  exter¬ 
nal  fire  that  would  affect  the  coii.  Such  fires 
have  many  variables,  may  be  fed  by  a  wide 
variety  of  materials,  and  may  have  ample 
oxygen  or  be  oxygen-starved.  The  re.sults 
will  be  a  large  r.inge  of  flame  temperatures, 
with  varying  effects  on  the  epoxy-cast  coils. 
In  evaluating  the  risk  of  ignition  as  a  result 
(if  a  hostile  fire,  sevenil  factors  must  he 
cuiisiilereii. 

The  ignition  temperature  of  the  epoxy  ma¬ 
terial  is  apjiroximately  4r)(rC,  higher  than 
that  of  wood  and  many  other  common  con¬ 
struction  nuilerials  likely  to  be  found  in  the 
building.  Therefore,  alarms  and  other  protec¬ 
tive  .systems  should  probably  activate  before 
the  Ininsforiner  ignites.  The  epoxy  cast  coil 
will  not  contribute  a  large  amount  of  heat  to 
an  e.xisting  fire.  For  equivalent  surface-to- 
mass  ratios,  burning  epoxy  yields  about 
12.000  Btu/lb,  compared  wiili  18.000  Btu/lb 
for  burning  transformer  oil,  and  8000  Btu/lb 
for  linniing  pine  wood.  In  an  actual  fire,  the 
lii-ai  ^•l(•aM•  mte  of  li"in.sforincr  oil  wmdd 
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probably  be  hipier.  since  it  is  pmimitional  to 
the  surface  area,  and  burning  oil  would 
sproad  quickly  wlien  released  from  Uic  traas- 
former  tank. 

Also,  the  transformer  coils  arc  a  comiMisitc 
system  of  <'|Nixy  mixed  willi  nonnamiiiable 
filk-rs,  insiilaUoii  and  iasuialing  materials, 
and  metal  windings  that  conduct  and  dL«irib- 
!ile  heat  The  entire  complex  mass  must  lie 
elevated  ill  Icmiicralurc  if  Uicre  Ls  to  lie  any 
INjssibility  of  sustained  combustion. 

To  simulate  ignition  from  an  external 
flame  energy  source,  an  oxyacetyicne  cutting 
torch  was  used.  The  test  sample  ivas  the 
same  representative  coil  used  in  the  arcing 
test  rotated  180*  to  present  a  fre*:h  surface. 
Tlic  coil  w,xs  on  a  wouden  skid  in  a  dnift-frcc 
enclosed  area.  There  was  no  outside  influ¬ 
ence  that  would  help  to  extinguish  the  flame. 
The  torch  flame  was  applied  to  the  bottom  of 
the  coil,  so  that  rising  heated  air  would  tend 
to  keep  the  material  burning,  and  held  in 
contact  with  the  specimen  for  30  sec.  The 
time  from  removal  of  the  torch  to  extinction 
of  tlic  burning  epoxy  was  carefully  mea¬ 
sured,  and  Uie  sequence  photographed  at 
regular  intervals  (see  photos).  The  results 
were  as  follows: 


Torch  applied 
(sec) 

30 

30 


Flame  extinction 
(sec) 

12.4 

22.0 


Tliis  test  was  repeated  many  times,  with  the 
torch  applied  for  30  sec.  and  these  results  are 
representative  of  the  extinction  times 
obtained. 

Because  of  the  wide  range  of  possible  e.x- 
temal  fires,  it  is  not  certain  from  these  tests 
that  an  externally  caused  cast-coil  fire  would 
be  self-extinguishing  under  all  circum¬ 
stances.  However,  it  is  highly  probable  that 
if  flames  of  moderate  size  set  fire  to  the 
epoxy  and  then  were  removed  or  extin¬ 
guished,  the  coil  fire  would  then  self-extin- 
guish.  If  the  transformer  is  involved  in  a 
general  conflagration,  it  is  quite  possible  that 
it  would  burn,  but  it  would  not  add  .signifi¬ 
cantly  to  the  intensity  of  the  fire. 

Products  of  combustion 

It  is  not  possible  to  determine  a  standard 
set  of  conditions  that  would  prevail  in  a  hos¬ 
tile  fire  involving  a  cast-coil  transformer. 
There  are  many  variables  that  can  affect  the 
results.  The  burning  of  the  building  materi¬ 
als  and  contents  results  in  a  complex  mixture 
of  products.  The  quantity  of  oxygen  available 
and  the  different  temperatures  resulting 
from  combustion  of  different  materials  act¬ 
ing  as  fuel  for  the  fire  combine  to  create  an 
unpredictable  variety  of  combustion 
producLs. 


CAST  COILTOANSFORHEBS 


Table  1.  Products  of  air  pyrolysis  of  epoxy  resin 


Quantity 

Concentration 

OSHA  limits  I 

TLV 

STEL  j 

Compound  produced 

(ppmw) 

(mg/m*) 

(ppm) 

(mg/m’) 

(Fpm) 

1 

(mg/m’)  ! 

Benzene 

28  to  32 

3.1  to  3.3 

to 

30 

n 

75 

1.3  Butadiene 

2  to  8 

0  2  to  1.0 

1000 

2200 

2750 

Cyckipentadiene 

17  lo  21.5 

2.0  to  2.6 

75 

200 

ISO 

400 

Naptillialone 

3  to  6 

0.26  to  0.72 

10 

50 

15 

75 

Plionol 

4.S  lo  5.5 

0.54  lo  066 

5 

19 

10 

38 

Styrene 

6  to  8 

0.72  to  0.96 

50 

215 

— 

— 

Toluene 

13  !o  15 

1,6  10  1.8 

100 

375 

150 

560 

For  comparison  only 

Acetic  acid  (vinegar) 

10 

25 

15 

37 

Acetylsalicylic  aad  (aspirin) 

— 

5 

— 

— 

Ammonia 

25 

18 

35 

27 

Porcliloroolhylono 

SO 

335 

— 

— 

NOTES: 

ppmw:  Parts  per  mllton  by  weight 

ppm:  Parts  per  million 

mg/m’:  Milligrams  per  cubic  meter 

TLV>OSHA:  Threshold  Limit  Value— maximum  amount  in  atmosphere  tolerable  (or  an  8-hr  penod 

STEL-OSHA:  Short  Tima  Exposure  Limit— maximum  amount  in  atmosphere  lor  no  more  than  lour  tS-min  exposures  per  day.  with  at  least 
60  min  between  exposures 

Concentration:  Calculated  estimate,  based  on  the  amount  (in  ppm)  ol  toxic  vapor  produced,  using  the  total  volume  of  epoxy  m  a  typical 
(2000I(VA)  translormer,  with  the  total  volume  ol  air  required  to  consume  completely  all  the  epoxy— assuming  a 
code-minimum-sized  translormer  room.  Typically,  t  ppmw  ol  vapor  equals  approximately  0.12  mg/np  conconiration  in 
the  worst  case.  (Por  smaller  transformers,  larger  rooms,  or  more  air,  this  value  would  be  lower.) 


Unfortunately,  similar  problems  complicate 
attempts  to  simulate  in  a  laboratory  the 
burning  of  cast  coils,  and  tests  have  been 
conducted  over  many  years  with  a  variety  of 
results,  depending  on  the  test  conditions  and 
parameters  and  the  methods  of  analysis  of 
the  products  of  combustion.  Pyrolysis  (de¬ 
composition  of  organic  materials  by  the  appli¬ 
cation  of  heat)  ha.s  been  conducted  u.sing  an 
ain|ilo  air  .svipply.  a  restricted  air  svipply.  or 
iiilriiKcn  only,  with  no  o.xygcn,  at  various 
temperatures,  such  as  350*,  450*,  and  OOO'C. 
.Analysis  of  the  products  of  combustion  has 
been  performed  using  many  methods,  such 
as  gas  chromatography  and  mass 
spectrography. 

A  list  of  possibly  toxic  or  harmful  com¬ 
pounds  produced  by  pyrolysis  of  the  epoxy 
casting  material  that  have  appeared  consis¬ 
tently  and  in  measurable  concentrations  in 
numerous  tests  over  several  years  is  given  in 
Table  1.  Although  tests  performed  under  dif¬ 
ferent  conditions  produce  different  products 
of  combustion,  the  results  of  separate  tests 
performed  under  similar  conditions  are  quite 
consistent  Also  included  in  this  table  are  the 
OSHA  exposure  limitations  for  these  com¬ 
pounds.  This  table  does  not  include  harmless 
products  of  combustion,  nor  does  it  represent 
a  list  of  all  possible  harmful  products  of  com¬ 
bustion.  It  should  be  taken  as  an  indication 


of  what  toxic  compounds  might  be  produced 
in  an  actual  fire  rather  than  as  a  definitive 
analysis  of  what  wiil  be  produced.  The  OSHA 
limits  for  a  few  familiar  substances  are  in¬ 
cluded  for  comparison  purposes. 

The  results  of  combustion  tests,  as 
summed  up  in  this  table,  indicate  that  the 
toxic  substances  produced  by  the  burning  of 
epoxy-ca-st  coils  for  transformers  are  pro¬ 
duced  in  concentrations  to  which  liiiinans  can 
be  exposed,  by  OSHA  standard.s,  for  relative¬ 
ly  long  periods.  These  tests  cannot  include 
the  effects  of  such  phenomena  as  gas  strati¬ 
fication  that  might  increase  the  daiigera  of 
exposure.  However,  they  do  satisfy  the  origi¬ 
nal  goal  of  this  investigation.  They  demon¬ 
strate  that  a  cast-coil  transformer  does  not 
add  significantly  to  the  hazards  to  fire¬ 
fighters  or  others  in  the  vicinity  of  a  fire. 

PCDD  and  PCDF 

The  investigation  of  possible  hazards  from 
the  burning  of  cast-coil  transformers  would 
have  ended  at  this  point,  e.xccpt  that  there 
was  evidence  of  trace  amounts  of  chlorinated 
impurities  in  the  combustion  products.  There 
is  increasing  public  concern  regarding  non- 
biodegradable  polychlonnated  compounds 
such  as  dibenzo-p-dioxins  (PCDD)  and  diben- 
zofuranes  (PCDF).  Cancer  and  congenital  de¬ 
fects  are  believed  to  be  consequences  of 
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TRArJSFORMERS  AND  iNSULATSNG  FLUIDS 


For  many  years,  transformers  used  indoors  and  m  other  fire- 
sensitKre  areas  were  usually  either  askarel  liquid-filled,  or 
vcntil.alcd  dry-typo.  Ilion  polychlorinatod  biphenyls  (PCBsl  were 
determined  by  the  environmental  Protection  Agenev  (EPA)  to  be 
cancer-causing  and  not  biodegradable.  Askarel.  sold  under 
various  trade  names,  consists  of  about  70%  PCSs.  and 
manufacture  of  askarol-fillcd  transformers  was  prohibited.  Existing 
.nskard-tillod  traiistormors  woro  pormiltod  by  tho  EPA  to  coiitmuo 
in  use.  but  undar  Sb  .ere  restrictions  intended  to  prevent  leakage  of 
PCSs  into  the  environment  and  to  eliminate  human  contact  with 
the  offensive  PCSs. 

Some  existing  askarel-lilied  transformers  were  retrofilled  .vith 
other,  more  acceptable  fluids,  but  this  was  seldom  effective.  With 
lime,  the  PCSs  leached  out  of  the  transformer  materials  and 
contaminated  the  replacement  fluids  to  over  SCO  parts  per  million 
(ppm),  so  that  the  transformer  was  still  classified  as  askarel-fllled 
according  to  EPA  standards.  Many  existing  askarel-filled 


transformers  are  being  disposed  of  in  tho  manner  required  by  tho 
stringent  EPA  rules,  a  very  cosily  process,  and  replaced  with 
environmentally  acceptable  units.  These  replacements,  and  all 
new  inslallalions,  can  be  either  dry-typo  transformers  or 
transformers  filled  with  nonflammable  or  less-flammable  dielectric 
fluids. 

Dry-typo  transfor.mers,  with  the  windings  immersed  m  air,  have 
been  used  successfully  lor  ovor  50  years.  For  over  20  years,  c.ast- 
coil  dry-type  transformers,  with  either  tho  high-voltage  winding,  or 
both  the  high-  and  low-voltage  windings  encapsulated  in  an  epoxy 
compound  have  been  available.  A  cast-coil  transformer  can  be 
used  in  many  corrosive  or  dirty  atmospheres  that  rule  out  air- 
immersed  windings  and  are  much  less  subject  to  physical  damage. 
In  addition,  while  individual  transformer  designs  vary  widely,  cast- 
coil  units  tend  to  have  lower  losses,  be  physically  smaller,  and  to 
have  greater  capacity  when  fan-cooled  than  equivalent  air- 
immersed-coil  transformers. 


exposure  lo  Uiese  compoutiils,  ami  tliu  ri.sk  is 
so  hiKh  that  it  was  lieciricd  to  comliict  a 
specific  invesli(;alion  lo  rlelcrmiiie  whether 
lliese  coi;i|.i>uik1s  were  proiluceil  hy  (•oiiilms- 
tion  of  the  0{K)xy,  ami  if  so,  in  what  ({uantity. 

Extreme  precision  was  rmiuired  for  tin's 
.‘tntilysLs  boc.ausc  of  tlic  minute  quantities  anti 
tile  chemical  composition  of  the  cumpoutuls 
involveti.  First,  the  total  chlorine  content  of 
the  epoxy  material  was  (letormincd  at  llte 
Institute  for  Etieruy  liesoarch  in  Kjeller, 
Norway,  using  neutron  activation  analysis. 
The  results  showed  a  total  chlorine  content 
of  only  0.041^?>.  This  low  value  indicated  that 
polychlorinated  compounds  should  not  be  a 
problem,  but  testing  was  continued  to  con¬ 
firm  this. 

Pyrolysis  of  the  epoxy  material  was  per¬ 
formed  by  the  Center  for  Industrial  Research 
in  Oslo,  Norway.  A  sample  of  the  epoxy 
weighing  275g  w:is  burned  in  l.47Nm'^  (nor¬ 
mal  cubic  meter— Im''  at  20’C,  OV?'  hnniidily) 
of  air.  The  gaseous,  solid,  and  liquid  jiroducts 
of  combustion  were  collected  in  a  .series  of 
precision  laboratory  filters,  condensers,  and 
absorbent  cartridges. 

The  actual  analysis  of  these  products  of 
combustion  was  done  at  the  Not^vegian  Insti¬ 
tute  for  Air  Rescarcli  in  Lille.stroni,  Norway. 
In  recent  years,  very  .sopliislicaled  lech- 
iiiques  cap.able  of  iletecling  exlreinely  small 
quantities  of  various  compounds  have  been 
developed.  These  techniques  include  methane 
negative  ion  chemical  ionization  m.a.ss  spec¬ 
trometry  using  muiliple  ion  detection,  and 
electron  impact  ionization  ma-ss  spectrome¬ 
try.  Using  these  inelliods,  minute  (piantities 
of  several  I’CUU  and  I’CUF  compounds  were 
found,  with  the  polychlorination  ranging 
from  four  to  eight  chlorine  atoms  per 
molecule. 


The  results  of  these  tests  can  be  summa- 


rized  as  follows: 

Compound 

ng/Nm-* 

ng/kg/epoxy 

PCDD 

0.52 

l.l 

PCOF 

1.36 

72 

Totals 

1.8B 

8.3 

NOTE:  t  nanogram,  ng,  -  1  billionth  ol  a  gram. 

The  total  of  all  I’CDDs  and  I’CDFs  found 
totaled  only  1.88  nanograins  per  cubic  meter, 
an  extremely  small  quantity,  corresponding 
roughly  to  about  1.88  parts  per  trillion.  This 
level  is  lower  by  a  factor  of  100  than  the 
concentration  of  these  products  in  the  ef¬ 
fluents  of  a  typical  municipal  incinerator. 
These  results  confirm  what  was  expected 
from  the  low  total  chlorine  content  of  the 
epo.xy. 

Conclusions 

If  cast  coil  transformers  arc  in.olvcil  in  a 
fire,,  eitlier  from  internal  failure  or  external 
(lames,  they  will  pose  no  unusual  hazard  lo 
firefighters  or  the  general  public. 

Firefighters  should  use  respirators  when 
figliting  a  fire  in  an  enclosed  space,  and  no 
additional  equipment  or  sjiecial  precautions 
arc  required  if  a  casl-enii  transformer  is 
involved. 

The  cast-coil  Iransforiner  will  mil  proiince 
any  signdicant  quantity  of  nonbindegradahlo 
toxic  substances,  even  if  the  epoxy  is  entirely 
consumed  in  the  lire.  It  will  not  produce  a 
need  for  intensive  detoxification  of  the  build¬ 
ing.  anil  therefore  there  will  he  no  resultant 
iong-linie  loss  of  use  of  llio  facility  because 
of  the  iransfornier. 

The  use  of  epoxy  cast-cod  transformers 
does  not  add  to  the  fire  risks  in  any  signifi¬ 
cant  way.  ■ 
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ABSTRACT 


At  approximately  9:00  pm  on  Sunday  November  20, 1988,  a  new  cast  coil  transformer 
failed.  The  transformer  was  installed  in  Pier  4,  Vsult  B  on  Norfolk  Naval  Base.  It  has  been 
determined  that  the  failure  occurred  in  the  phase  C  low  voltage  coil.  The  fire  did  not  spread 
beyond  the  transformer,  and  environmental  contamination  was  not  evident 

The  transformer  was  removed  by  the  manufacturer  and  taken  to  their  plant  where  an  au> 
topsy  was  conducted.  The  shop  te^own  inspection  concluded  that  there  was  substantial 
dmage  to  both  the  phase  C  secondary  coil  assembly  and  the  core  leg.  The  rest  of  the  device 
was  also  damaged  to  some  extent  by  the  heat  and  flame. 

Ibe  actual  cause  of  the  failure  has  not  beat  conclusively  determined;  however,  the  facto¬ 
ry  has  determined  it  to  be  attributed  to  manufacturing  defects.  This  defect  is  the  presence  of 
small  burrs  located  on  the  coil  conductors. 

The  manufacturer.  National  Industri,  will  replace  the  failed  transformer  under  the  1  year 
warranty  agreement.  The  new  unit  is  scheduled  to  be  installed  in  late  May  1989. 
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DESCRIPTION  AND  ANALYSIS  OF  CAST  COIL  TRANSFORMER 
FIRE  AT  PWC  NORFOLK,  VIRGINIA,  NOVEMBER  1988 

INTRODUCTION 


This  report  details  the  events  surrounding  the  recent 
cast  coil  transformer  failure  at  PWC  Norfolk  on 
November  20, 1988.  The  report  contains  a  sequence  of 
events,  a  device  description,  analysis  of  the  incident, 
manufacturers’  comments,  and  engineering 
recommendations. 

Two  site  visits  have  been  conducted  to  determine  as 
accurately  as  possible  what  the  actual  conditions  were 
during  the  failure. 

1.  The  first  visit  on  November  28, 1988,  was  at¬ 
tended  by  G.V.  Urata,  NCEL,  R.  Culbertson, 
NEESA,  A.  Bialecki,  NCEL,  S.A.  McBride, 
INEL/EG&G,  and  representatives  from  the 


Norfolk-based  PWC.  This  trip  was  con¬ 
ducted  to  collect  data  and  inspect  the  damage 
at  the  installation  site. 

2.  The  second  trip  was  on  January  2S,  1989,  and 
was  attended  by  G.V.  Urata,  John  Franchi, 
NCEL,  Rod  Nelson,  INEL/EG&G, 
S.A.  McBride,  D.  Dickerson,  NAVFAC  HQ, 

L.  Steiner,  NITI,  1.  Arsonovic,  NITI, 

M.  Haas,  NTTI,  and  T.  Lanoue,  NITT. 

The  primary  objective  of  this  second  meeting  was  to 
perform  an  autopsy  on  the  failed  transformer  in  an  at¬ 
tempt  to  determine  the  cause  of  failure. 


SEQUENCE  OF  EVENTS 


DATEmME  EVENT 

October  1988  National  Industri  transformer  #02103-B  was  installed  in  Pier  4,  Vault  B.  This  transformer 

replaced  a  PCB  device  of  the  same  rating. 

Novemba  20, 1988  Estimated  time  that  the  fire  started. 

8:50  pm 

November  20, 1988  USNS  Rigel  (T-AF^58)  reports  smoke  emitting  from  Pier  4,  Vault  B.  Alarm  received  by 
8:59  pro  base  fire  department 

November  20, 1988  Explosion  #1  occurs  and  P-substation  main  breaker  trips  on  ground  faultrelay  (CO-8  relay 

9:00  type).  Personnel  went  to  P-sub  tmd  opened  P-4  and  P-1 ,2,3.  Rolled  the  breakers  do  wn  and 

tagged  and  locked  both  out  BKR  P-1, 2,  3-hio  targets;  BKR  P-4 — one  target 

November  20, 1988  Personnel  performed  evacuation  of  pier  because  of  the  uncertainty  of  the  transformer  type 
9:00  (possibly  PBC).  Fire  department  injects  two  150  #  cylinders  of  halon  gas  into  the  vault 

through  the  door  vents.  Contact  was  made  with  the  Norfolk  PWC  and  proof  was  requested 
that  the  PCB  transformer  had  been  replaced  with  the  cast  coil  device. 

USNS  Rigel  started  its  on  board  200kW  emergency  generator  and  explosion  #2  occurred. 

Suspected  cause  of  the  second  resumption  of  the  fire  is  backfeeding  of  shore  transformer  due 
to  the  manual  operation  required  in  this  situation.  Once  the  shore  to  ship  link  is  removed  the 
generator  on  b(Mrd  the  ship  stabilizes. 

Novemba  20, 1988  Fire  is  classified  as  extinguished. 

11:58  pm 

NOTE:  For  a  mote  detailed  description  of  the  actual  operatitms  during  the  failure  refer  to  the  Appendix  containing 
the  Norfolk  fire  department  report  #62688,  and  a  duty  log  assembled  by  Mr.  Dave  Midget  of  the  Norfolk  PWC. 
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DEVICE  DESCRIPTION 

The  transformer  involved  in  this  incident  has  the  following  specifications: 


SIZE 

PRIMARY 

SECONDARY 

LOCAnON 

TYPE 

MANUFACTURER 


2000  kVA 
11.5  kV  DELTA 
480  V  GROUNDED  Y 
PIER  4  VAULTS 

CAST  RESIN— HIGH  PERFORMANCE 
NATIONAL  INDUSTRI  TRANSFORMER,  INC.  (NITI) 


This  device  was  installed  on  Pier  4  for  research  pur-  (NCEL)  and  had  been  loaded  only  a  few  times  when 

poses  by  the  Naval  Civil  Engineering  Laboratory  the  failure  occurred. 
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FAILURE  ANALYSIS 


The  flaw  was  isolated  to  the  phase  C  secondary  coil 
based  on  the  autopsy  performed  on  the  device  on 
January  2S,  1989.  The  specific  cause  of  this  accident  is 
not  defmitely  known  but  is  being  attributed  to  a  man¬ 
ufacturing  error  in  the  transformer. 

During  the  autqisy,  several  small  burrs  were  found 
on  the  remaining  sections  of  the  low-voltage  leads. 
These  burrs  were  formed  when  the  copper  sections 
were  welded  together  to  form  the  lead.  It  is  a  standard 
procedure  to  remove  the  burrs  from  the  leads  with  a 
grinder  after  the  weld  is  made;  however,  they  were  not 
adequately  smoothed  on  this  device.  The  manufacturer 
indicated  that  burrs  similar  to  those  found  could  have 
caused  the  fault  by  penetrating  the  30  mills  of 
NOMEX  turn  insulation  placed  between  the  lead  and 
the  adjacent  turn,  which  would  have  produced  an  inter¬ 
nal  tum-to-tum  short  circuit.  The  autopsy  inspection 
revealed  massive  amounts  of  electrical  arcing  damage 
to  the  secondary  coil  assembly.  The  area  around  the 
arcing  fault  was  also  severely  damaged  by  heat  pro¬ 
duced  from  the  fault.  Heat  damage  indicated  that  the 
fault  had  been  in  existence  for  a  considerable  time  pe¬ 
riod  before  the  start  of  the  acuial  fire. 

The  transformer  that  failed  successfully  passed  all 
of  the  standard  acceptance  tests  before  leaving  the  fac¬ 
tory.  The  temperature  rise  test  was,  however,  not  per¬ 
formed  on  this  particular  unit.  It  is  typical  to  test  a 
typical  transformer  of  each  design  to  verify  the  design 
but  not  to  test  each  unit  individually.  It  is  t^lieved  that 
the  transformer  was  operating  acceptably  when  it  was 
flrst  installed  and  that  the  few  thermal  cycles  that  the 
transformer  was  subjected  to  were  sufficient  to  cause 


the  penetration  of  the  flawed  lead  through  the 
NOMEX,  creating  a  tum-to-tum  short  circuit 

The  transformer  was  lightly  loaded  at  the  time  of  the 
fault  The  primary  protection  activated  when  the  heat 
and  flame  of  the  secondary  had  sufilciently  degraded 
the  primary  and  caused  it  to  fault  to  ground.  This  is 
suspected  because  the  primary  was  cleared  by  the 
ground  fault  relay. 

The  two  adjacent  coil  assemblies  were  damaged  by 
the  heat  and  fame,  but  the  damage  was  not  as  signifi¬ 
cant  as  that  on  the  faulted  coil.  The  fault  continued  for 
a  substantial  amount  of  time  before  the  primary  protec¬ 
tion  cleared.  Estimates  of  the  fault  duration  are  vague 
and  contradictory  but  most  likely  is  2  hours  or  more 
based  upon  the  magnitude  of  heat  damage. 

After  the  primary  protection  cleared  the  fault,  the 
^ips  200  kW  emergency  generator  was  brought  on 
line.  Refer  to  the  one-line  diagram  on  the  following 
page.  The  operator  experienced  difficulty  in  getting 
the  voltage  to  stabilize  and  evenuially  the  generator’s 
breaker  tripped  off  line.  The  operator  then  began  to 
shed  unnecessary  loads  to  reduce  the  load  level  on  the 
generator.  The  problem  still  existed  and  at  that  point  it 
was  determined  that  the  shore  to  ship  power  feed  had 
not  been  disconnected  as  is  required.  It  has  been  esti¬ 
mated  that  approximately  30  minutes  passed  before  the 
shore  power  cables  were  disconnected  from  the  USNS 
Rigel.  Therefore,  the  USNS  Rigel  provided  both  heat 
and  arcing  directly  to  the  fault  and  sustained  the  fire 
for  an  additional  30  minutes. 
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lER  tt4 


SHIP--USNS  RIGEL 


RECOMMENDATIONS 


TSihk  arc  £srci  s^nakaa  pnooksa  b  fixs  syssta 
s!se  ccc!ri2C2td  ccE£3rrsS£S!a!ly  k>  ids  biltrre  of  iha 
easgcnras. 

1.  Tbs  atag-Cactgg^  j5e^  b  ihc  gansfcnssr 

2.  TlKbdcoCioS^TfealiiaafcnasfETOecikxi 

3.  Tbs  fearkfecdiog  of  the  tranrfonaer  use 
ssifEs’  ssssizsscy  gcrieraas’, 

Cta  tbs  fim  issas.  use  nKSiiifarairef  has  regzbed  !hs 
pfcbkni  axsd  chssged  b(^  nsanufaceging  and  quality 
assuTSsce  sisps  to  addass  lids  issus. 

The  iransfonncr  protection  •A'as  not  adequate  to 
clear  the  fbdi.  Thse  are  sss'Ctal  methods  that  could  be 
emplojcd  to  protect  the  usnsfonasx  and  an  mvestiga- 
tioo  stouid  be  conducted  to  determine  which  is  the 
most  v'abk  optiem. 

•  Add  fuses  or  breakers  to  each  breakers  to 
each  {Himary  to  trip  the  units  on  irsdividual 
os'crioad. 

•  Add  indis'idual  protection  relay  and  mtercon- 
nea  to  the  substation  or  the  nearest  upstream 
breaker. 

•  .Add  a  three  {diase  secondary  coil  temperature 
sensor  and  connect  it  to  an  alarm  alerting  an 
operator  that  a  high  temperature  condition  ex¬ 
ists  and  needs  attention  t.this  option  would  not 


elimbais  tbs  bscklcsiis^  capabibsy;.  Tais 
terser  coeia  fee  ccssasaed  to  tbs  itdatatsso 
breaker  (or  fsinszr/  breaker  if  as-ail^s£sji  and 
tsed  as  a  ccatros  to  trip  tbs  dsvbs  cfi  iins 
t^OQ  idga  amperanse.  Use  difiererstbl  rchy 
schsms  project  tbs  transfenners. 

Tbsre  are  also  several  msabodii  a-.-aikdde  to  reduce 
tbs  possibiliiy  of  backfeedbg  tbs  irassfcnr^  as  ob- 
ssrt'ed  b  this  iaddsru. 

•  .A  differential  relay  sysiem  could  be  confi¬ 
gured  to  operate  primary  ssd  secondary  pro- 
tsetien  but  wt>uld  fee  quits  cmnpiicaied. 

»  The  ship's  on-board  system  or  procedure 
could  be  modified  to  eliminate  the  possible 
backfeed.  This  could  be  accomplished  by 
configurbg  the  ship’s  shore  power  breaker 
{or  tic  breaker)  to  trip  when  the  generator 
beaker  is  ckxsbg,  either  with  mechanical  or 
electrical  bterlocL 

•  Last,  a  reverse  power  relay  could  be  installed 
on  the  mam  circuit  breaker  in  the  substation. 

The  acoustic  emissions  monitormg  msuumeniaiion 
would  have  detected  the  problems  in  the  transformer  if 
the  device  haa  been  installed  on  the  unit.  The  monitor 
is  designed  to  pick  up  small  as  well  as  large  levels  of 
discharge  (aicmg).  The  monitor,  however,  would  not 
i>’pically  alarm  or  trip  the  circuit  unless  designed  to  in¬ 
tegrate  the  unit  with  the  trip  cucuiL 
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RISK  ASSESSMENT 


T?je  ca£2siiDpa^  failure  cf  this  uaasfoniKr  indisctd 
linle  risk  to  pezscnos!  co  the  pkr  cr  to  fire  fighters,  if 
tbs  dn-kc  ksd  been  the  PCB  tiansfcKtoer.  a 

va>'  gres  magoiiude  of  risk  vtXKiid  have  foilot^^ed  a 
similar  faiime.  Based  on  prelunmaiy  analj-sis  of  chem¬ 
ical  swipes  taken  from  the  inside  of  the  vault,  which 
amiained  the  transformer,  the  products  of  oMnbusiioa 
from  the  fire  were  not  found  to  be  at  levels  dangerous 
to  those  in  the  vicinity  of  the  incident.  Additionai  soot 
analv-sis  is  being  peifrHmcd  to  ascertain  what  compo¬ 
nents  are  present  and  in  what  ccmcentraiions. 

There  was  some  ^leculation  as  to  the  t>-pe  of  tians- 
fcxmer  in  the  vault  and  until  proof  was  ^ven  that  the 
PCB  transformer  had  been  replaced  by  a  dry-type,  the 
fire  fighters  did  not  attempt  to  enter  the  vault.  The  rc- 
cwds  at  the  fire  department  had  not  been  properly  up¬ 
dated,  The  fire  fighters  should  establish  a  procedure  to 


eliminate  all  electrical  power  before  entering  the  trans- 
frxma  vault  with  water. 

Tnc  cast  coil  type  dry  transformer  eliminates  the 
risk  of  liquid  spills  that  commonly  occur  when  a  tv-pi- 
cal  Uqui^fiUed  transformer  is  involved  in  a  fire  of 
similar  mapiiude. 

The  fire  was  isolated  to  the  transformer  vault  If  the 
device  had  been  installed  inside  of  a  facilit)'  such  as  die 
two  750  kVA  cast  coil  units  in  LF-18,  it  is  believed 
that  the  hwizentai  propagation  of  the  fiic  would  still 
be  at  a  minimum.  This  is  not  the  typical  case  when  a 
liquid-filled  transformer  is  under  flame.  The  liquid 
tvpically  will  spread  die  flame  to  surrounding  areas 
when  it  is  dispensed  from  the  unit. 

In  summary,  the  amount  of  risk  involved  with  this 
type  of  transformer  in  the  vault  installation  was  at  a 
minimum  in  relation  to  the  other  types  of  devices. 
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CONCLUSIONS 


The  transformer  failed  because  of  the  presence  of 
several  small  burrs  in  the  secondarv-  coil  assembly. 
This  was  termed  a  manufacturing  error.  The  trans¬ 
former  itself  was  damaged  substantial!}';  however,  the 


vault  and  surrounding  devices  were  undamaged  except 
for  the  buildup  of  sooL  The  transformer  will  be  re¬ 
placed  by  the  manufacturer  and  is  scheduled  to  be  in¬ 
stalled  in  late  May  1989. 


APPENDIX 

DOD  FIRE  INCIDENT  REPORT 
PWC  NORFOLK  DUTY  LOG 
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DOD  FIRE  INCIDENT  REPORT 
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FOR  OFFICIAL  USE  ONLY 


A.  ConnMeie  instructions  for  filling  out  tfiis  form  are  contained  in  OoO  60S3.7-M 
8.  Th«  entire  form  may  be  hand  printed.  Legibility  is  important. 

C  Where  bfocks  are  provided  for  the  indhhduai  characters  of  the  data,  folfonv  these  rules: 
fl)  If  the  entry  is  leners.  place  the  first  letter  in  the  left-hand  block; 

(2!  If  the  entry  is  a  numoer.  place  it  so  that  the  last  digit  is  m  the  rightaiand  block. 


THIS  SPACE  FOR  SAFETY  C£:MTE.R  ONLY 
YR  MO  DAY  line  EXP  NO.  T/C 

■  I  I  '  I  1  I  M_LJ|_LJ|_! 

01  i  02  I  03  I  Oa  I  os  t  06  I  I  07  I  0^1091  1  10  I  11  I  I  80  I 


SECTION  A  -  GENERAL  DATA 


1.  NAME  OF  FIRE  DEPARTMENT 

NORFOLK  N^AL  STATION 


2-  REPORT  STATUS 

1.  Preliminary 

2.  Final 

3.  Revised 


6.  ZIP  CODE 

s 

0*GT 

6.  UlC-RUC/ 
IDENT.  CODE 

6 1 2  1  6|  8t  8 

5  0lGr 

r 

|3 

H 

imBiQ 

Q 

IE 

mwm 

:o  1  It 

ItlfiUgCTftl 

3.  OFF-STATION/MUTUAL 
AID  RESPONSE 
Y.  Yes 
N:  No 


Dll 


4.  LOCATION 
NORFOLK,  VA 


7.  AFFILIATION 
1.  Navy  2.  .Uarine 
3.  Army  4.  Air  Force 

5.  Defense  Logistics  Agency 

6.  Other 


ill 

1271 


8.  NAME  OF  activity  WHERE  FIRE  OCCURRED 

PUBLIC  WORKS  CENTER 


NORFOLK,  VA 


10.  AFFILIATION 

11.  UlC  RUC/ 

12.  DATE  OF  FIRE 

13.  DAY  OF  WEEK 

14.  INCIDENT 

15.  MUTUAL  AID 

1.  Navy  2.  Marine 

lOENT.  CODE 

1.  Sun 

S.  Thu 

NUMBER 

RECEIVED 

3.  Army  4.  Air  Force 

5.  Oef.  Log.  Agency 

6.  Other 

|1 

0|0  |1  1  8|7 

YR  MO  DAY 

8i8  1  1  n  1  210 

2.  Mon 

3.  Tue 

4.  Wed 

6.  Fri 

7.  Sat 

P 

1361 

pn 

Y.  Yes 

N.  NO  « 

1  « 

1  19  1  :0  1  11  1  12  1  33 

ITTi 

16.  METHOD  OF  ALARM  FROM  PUBLIC 

TELEPHONE 


llO 


17.  TYPE  OF  SITUATION  FOUND 

STRUCTURE  FIRE 


42  I  -isi 


LLj 

aa  I  JS| 


18.  FIXED  PROPE.RTY  USE 


il9.  MOBILE  PROPERTY  TYPE 

<Auto..  Mobile  Home.  Ship,  AircraftI 


-  ^  t 

|46^47|48) 

1*9  1  501 

20.  IF  MOBILE  PROPERTY 
(Auto.,  Mobile  Home.  Ship.  AircraftI 

YEAR 

MAKE 

MOD6L/OR 

ACFT.  MODEL 

SE.RIAL  no  /OB 
bureau  no. 

LICENSE  NO. 

SECTION  B  -  ORIGIN  AND  IGNITION  DATA 


21.  AREA  OF  FIRE  ORIGIN 

TRANSFORMER  ...  [6  |3 

VAULT  [^7712 

22.  LEVEL  OF  ORIGIN 

GRADE  LEVEL 

TO  9'  ABOVE  jj^ 

23.  TERMINATION  STAGE 

1.  HEAT  TERMINATED  IN  THE  OVERHEAT  STAGE 

BEFORE  SMOLDER  OR  FLAME 

1  2.  FIRE  TERMINATED  IN  THE  SMOLDER  STAGE. 

24.  EQUIPMENT  INVOLVED  IN  IGNITION  (IF  ANY)  j 

TRANSFORMER  ]4j2! 

154  1  ‘5 

BEFORE  ANY  FLAME 

3.  FIRE  TERMINATED  IN  OR  AFTER  T 

4.  NOT  APPLICABLE 

HE  FLAME  STAGS 
& 

25.  IF  EQUIPMENT  INVOLVED 
IN  IGNITION 

YEAR 

1988 

make 

EBA  NATIONA 
INDUSTRI  CO 

serial  NO. 

02103-1 

VOLTAGE 

11,500  TO  -480 

MA TERIAL  FIRST  IGNITED  (26’and 27 only) 


26.  TYPE 

PLASTIC 


4|0 


STiiS 


ARC 


SHORT  CIRCUIT 


27.  FORM 

CABLE  AND  INSULATION 


LL{L1 

S9l  60| 


29.  IGNITION  FACTOR 


|2i4 

SHORT  CIRCUIT 

|6l|  62 

|63l  64l 

CARD  NO. 

IXlXJi 


771781791 


DO  Form  2324.  84  JAN 
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SECTION  C  -  STRUCTURE  AND  FIRE  DATA 


30.  STRUCTURE  TYPE  (If  not  structure 

proceed  to  46)  , 


32.  YEAR 
CONSTR 


WAREHOUSE 


34.  GROUND  FLOOR  AREA 
I  I  I  I 


13114115116117118 


35.  CONSTRUCTION  TYPE 
NONCOMBUSTABLE 


IBIBIE 


SI39I30I 311321 


EXTENT  OF  FLAME 

38.  E.XTENT  OF  SMOKE  j 

39.  EXTENT  OF  WATER 

DAMAGE' 

DAMAGE 

DAMAGE 

1.  CONFINED  TO  THE 

1.  confined  to  object 

1.  CONFINED  TO  OBJECT 

OBJECT  OF  ORIGIN 

OF  ORIGIN 

OF  ORIGIN 

Z  CONFINED  TO  PART 

Z  CONFINED  TO  PART 

z  confined  to  part 

OF  ROOM  OH  AREA 

OF  ROOM  OR  AREA 

OF  ROOM  OR  area 

OF  ORIGIN 

OF  ORIGIN 

OF  ORIGIN 

3.  CONFINED  TO  ROOM 

3.  CONFINED  TO  ROOM 

3.  CONFINED  TO  ROOM 

OF  ORIGIN 

OF  ORIGIN 

OF  ORIGIN 

4.  CONFINED  TO  THE 

4.  CONFINED  TO  THE 

4.  CONFINED  TO  THE 

FIRE-RATED 

FIRE-RATED 

FIRE-RATED 

COMPARTMENT  OF 

COMPARTME.NT  OF 

compartment  of 

ORIGIN 

ORIGIN 

ORIGIN 

S.  CONFINED  TO  FLOOR 

S.  CONFINED  TO  THE 

5.  CONFINED  TO  THE 

OF  ORIGIN 

FLOOR  OF  ORIGIN 

FLOOR  OF  ORIGIN 

6.  CONFINED  TO 

6.  CONFINED  TO 

6.  CONFINED  TO 

BUILDING  OF  ORIGIN 

building  of  origin 

BUILDING  OF  ORIGIN 

7.  EXTENDED  beyond 

7.  EXTENDED  BEYOND 

7.  EXTENDED  BEYOND 

BUILDING  OR  ORIGIN 

BUILOINC  OF  ORIGlfl 

BUILDING  OF  ORIGIN 

a.  NOT  A  STRUCTURE 

8.  NOT  A  STRUCTURE 

8.  NOT  A  STRUCTURE 

FIRE 

FIRE 

FIRE 

9.  NO  OAMAGc  OF  THIS 

9.  NO  OAMAGc  OF  THIS 

9.  NO  DAMAGE  OF  THIS 

TYPE  , 

TYPE 

TYPE 

1  I 

(1. 

Li, 

136 

I37l 

AT  TIME  OF  FIRE,  BUILDING  WAS: 

1.  OCCUPIED  BY  AWAKE  PERSONS 


Z  OCCUPIED  BY  SLEEPING  PERSONS 

3.  OCCUPIED  BY  CHILDREN  OR  AGED 
PERSONS  ONLY 


42.  IF  FLAME  SPREAD 
BEYOND  ROOM  OF 
ORIGIN; 


44.  IF  SMOKE  SPREAD 
BEYOND  ROOM  OF 
ORIGIN: 


TYPE  OF  MATERIAL  GENERATING  MOST  FLAMES. 


33.  NUMBER  OF 
.  STORIES  „  „ 
III  lO  lO  I 

I  191  201  21  I  22  j 


36.  CONSTRUCTION  METHOD 
SITE  BUILT 


40.  EXTENT  OF  FIRE 
CONTROL  DAMAGE 

1.  CONFINED  TO  OBJECT 
OF  ORIGIN 

2.  CONFINED  TO  PART 
OF  ROOM  OR  area 
OF  ORIGIN 

3.  CONFINED  TO  ROOM 
OF  ORIGIN 

•*.  CONFINED  TO  THE 
FIRE  RATED 

compartment  of 

ORIGIN 

5.  CONFINED  to  THE 
FLOOR  OF  ORIGIN 

6.  CONFINED  TO 
BUILDING  OF  ORIGIN 

7.  EXTENDED  BEYOND 
BUILDING  OF  ORIGIN 

8.  NOT  A  STRUCTURE 
FIRE 

9.  NO  DAMAGE  OF  THIS 
TYPE 


4.  NOT  OCCUPIED 

5.  VACANT  . 

6.  NONE  OF  ABOVE  (Exolam  in  narraiivel 

VENUE  OF  FLAME  TRAVEL 


losai 


lEagil 


TYPE  OF  material  GENERATING  MOST  SMOKE; 


45.  AVENUE  OF  SMOKE  TRAVEL 


lEal 


48.  AGENT  AND  QUANTITY  USED  (CIRCLE  AGENTS 
USED  &  CODE  AGENTS  AND  QUANTITY) 

0  WATER  -  SPRAY/FOG  1  WATER  -  SOLID  STREAM 
2  WATER  -  BOTH  0  AND  t  3  AFFF 

4  OTHER  FOAMS  (PROTEIN.  HIGH  EXPANSION  FOAM 
AGENTSl 

5  DRY  CHEMICAL  6  CARBON  DIOXIDE 

7  HALOGENATED  AGENTS  (HALON  1211.  1301) 

8  WATER  WITH  ADDITIVES  (WET  WATER.  ETC) 

9  OTHER  (COMBUSTIBLE  METAL  EXTINGUISHING 
AGENTS,  ETC) 


OTY. 

LL-i. 

|SSlS6|S7(Sal59l60| 

I  I  I  I 

|67l6ai69l;oi 


AGENT 


|62|63{ 

U-LJ 

L-U 

47.  METHOD  OF  EXTINGUISHMENT 
(2)  1501/  HALON  EXTINGUISHERS  r 


49.  MOST  EFFECTIVE  EXTINGUISHING 
AGENT  USED  HALON 


50.  NUMBER  OF  PEOPLE  RESCUED  BY  .  | 

FIRE  DEPT.  (Explain  in  narrative)  “ 


51 .  DEFICIENCIES  OR  PROBLEM  AREAS 

It  proDlems  existed  m  any  of  me  tollowing  areas, 
indicate  and  further  explain  in  narrative: 

1 .  ALARM  TRANSMITTAL 

2.  RRE  DEPARTMENT  RESPONSE 

3.  PUMPER.  HOSE.  LADDERS.  ETC. 

4.  MANPOWER 

5.  BREATHING  APPARATUS.  PROTECTIVE  aOTH'NG.  ETC. 

6.  EXTINGUISHING  AGENTS.  WATER  SUPPLY.  ETC. 

7.  VENTILATION.  FORCIBLE  ENTRY.  SALVAGE 

8.  WEATHER 

9.  ITEMS  OF  NON-COMPLIANCE  iOSHA) 

10.  OTHER  ,  . 


ImUilBlI 
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SECTION  D  -  FIRE  PROTECTION  FACILITIES  (IN  STRUCTURES  ONLY) 


52.  AUTOMATIC  SPRINKLERS 
PROVIDED? 

(IF  NO, PROCEED  TO  53) 

Y.  YES 

N.  NO 

H 

TYPE  OF 

SPRINKLER 

SYSTEM 

PERCENT  COVERED? 

i 

1.  WET 

X  DRY 

Era 

X  DELUGE-WATER 

IF-LESSTHAN  1(X}%.WERE 
SPRINKLERS  IN  FIRE  AREA? 

Y.  YES 

N.  NO 

II 

4.  deluge-foam 

X  PRE-ACTION 
DELUGE 

OPERATED  AT  FIRE? 

Y.  YES 

N.  NO 

i 

CONNECTED  TO  FIRE  ALAhM 
HEADQUARTERS? 

Y.  YES 

N.  NO 

i 

WAS  SPRINKLER  OPERATION 
FIRST  INDICATION  OF  FIRE? 

Y.  YES 

N.  NO 

i 

SPRINKLER  PERFORMANCE 

1.  SPRINKLERS  OPERATED 
SATISFACTORILY  - 
EXTINGUISHED  FIRE 

2.  SPRINKLERS  OPERATED 
SATISFACTORILY  -  HELD 
FIRE  IN  CHECK 

X  NO  SPRINKLER  OPERATION; 
FIRE  TOO  SMALL 

4.  NO  SPRINKLER  OPERATION: 

NO  SPRINKLERS  IN  FIRE  AREA 

5.  SPRINKLER  OPERATION 
UNSATISFACTORY  (EXPLAIN 

-IN  NARRATIVE). 

6.  performance  OF  AUTOMATIC 
EXTINGUISHING  EQUIPMENT 
NOT  CLASSIFIED  ABOVE 

7.  PERFORMANCE  OF  AUTOMATIC 
EXTINGUISHING  EQUIPMENT 
UNDETERMINED  OR  NOT 
REPORTED 


NUMBER  OF  SPRINKLER 
HEADS  OPERATED? 


53.  AUTOMATIC  FIRE  ALARM 
PROVIDED? 

(IF  NO, PROCEED  TO  54) 

Y.  YES 
N.  NO 

PERCENT  COVERED? 

■1 

EIB3Ea 

IF  LESS  THAN  1(X1%.  WERE 
DETECTORS  IN  FIRE  AREA? 

Y.  YES 
N.  NO 

■1 

■ira 

OPERATED  AT  FIRE? 

Y.  YES 
N.  NO 

■I 

■Ibi 

CONNECTED  TO  FIRE  ALARM 
HEADQUARTERS? 

Y.  YES 
N.  NO 

■1 

WAS  DETECTOR  OPERATION 
FIRST  INDICATION  OF  FIRE? 

Y.  YES 
N.  NO 

m 

54.  MANUAL  FIRE  ALARM 
SYSTEM  PROVIDED? 

(IF  NO, PROCEED  TO  55) 

Y.  YES 
N.  NO 

m 

OPERATED  AT  FIRE? 

(IF  NO, PROCEED  TO  55) 

Y.  YES 
N.  NO 

li^ 

CONNECTED  TO  FIRE  ALARM 
HEADQUARTERS’ 

r.  YES 
N.  NO 

m 

IF  OPERATED  010 

SYSTEM  PERFORM 
SAnSFACTOfllLY? 

Y.  YES 
N.  NO 

_ \e 

_2_ 

^  22 


\k 


TYPE  OF 
ALARM 
SYSTEM 
t.  FIXED 

TEMPERATURE 
3.  RATE  OF  RISE 

3.  COMBINATION 
FIXED  TEMP/HATEl 
OF  RISE 

4.  SMOKE/SMOKE 
COMBINATION 

5.  OTHER 


PERFORMANCE  OF  FIRE 
DETECTION  EQUIPMENT 

1.  OETECTQRISI  IN  THE  ROOM  OR 
SPACE  OF  FIRE  ORIGIN.  AND 
THEY  OPERATED 

2.  DETECTORIS)  NOT  IN  THE  ROOM 
OR  SPACE  OF  FIRE  ORIGIN,  AND 
THEY  operated 

3.  FIRETOO  SMALL  TO  ACTIVATE 

detectors 

4.  DETECTOR  PERFORMANCE 
UNSATISFACTORY  (EXPLAIN 
IN  NARRATIVE) 

5.  NO  DETECTORS  PRESENT 

6.  PERFORMANCE  OF  FIRE 
DETECTION  EQUIPMENT  NOT 
CLASSIFIED  ABOVE 

7.  performance  OF  FIRE 
DETECTION  EQUIPMENT 
UNDETERMINED  OR  NOT 
REPORTED 


hr 


55.  INSTALLED 
PORTABLE 
EXTINGUISHERS 

(NOT  F.O.  CARRIED) 

1.  EXTINGUISHERS 
NOT  PROVIDED 

2.  PROVIDED  BUT 
NOT  USED 

X  OPERATED 

SATISFACTORILY] 

4.  OPERATED 

unsatisfac¬ 
torily 

(EXPLAIN  :n 
NARRATIVE) 

5.  OPERATION 
N/A 
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56.  OTHER  FIXED  SPECIAL  EXTINGUISHING 
SYSTEMS  IN  FIRE  AREA  (IF  NONE, 
PROCEED  TO  SECTION  EJ 

1.  NONE 

2.  BUILT-IN  CARBON  OIOXIOE 
FLOODING  SYSTEMS  PROVIDED 


FIXED  SPECIAL 
EXTINGUISHING  SYSTEMS 
OPERATED 
1.  AUTOMATIC 
Z  MANUAL 
Z  NOT  OPERATED 


SPECIAL  SYSTEM 
PERFORMANCE 

1.  FIRE  TOO  SMALL  FOR  SYSTEM 
OPERATION 

Z  OPERATED  SATISFACTORILY - 
EXTINGUISHED  FIRE 


Z  BUILT-IN  CARBON  DIOXIDE  -- 
HAND  HOSELINE  PROVIDED 
4.  8l''LT-IN  “HALON"  FLOODING 
SYSTEM  PROVIDED 

9.  BUILT-IN  DRY  CHEMICAL  SYSTEM  PROVIDED 
«.  BUILT-IN  FOAM  SYSTEM  PROVIDED 
7.  OTHERS 


Z  OPERATED  SATISFACTORILY - 
HELD  FIRE  IN  CHECK 
4.  OPERATED  UNSATISFACTORILY 


(EXPLAIN  IN  NARRATIVE] 
5.  OPERATION  N/A 


SECTION  E  -  LOSSES 


PROPERTY 

DAMAGED 

ESTIMATED 

S VALUE 

ESTIMATED 

SLOSS 

60.  IF  NON-GOV  LOSS, GIVE  PROPERTY  TYPE 
1.  PRIVATE  4.  EXCHANGE.  PX 

57.  STRUCTURE 

OR  MOBILE 
PROPERTY 
(GOVERNMENT) 

1  1  1  1  I  1  1 

I  1  1  ?  1  M. 

d.  cuNinAuiun  a.  ijuv  nei 

3.  SPECIAL  SERVICES  6.  OTHER 

y 

CARO  NO. 

jms'! 

*2  |i3|«i|iS|i6|47|ia|49 

30ISll92l53l!il3SlS6tS7 

EBkUUJ 

58.  CONTENTS 
(GOVERNMENT) 

I  I  (2j5|  OjOiO 

1  1  1  3|5|0  jO  1  0 

13  I13I14I1!  |16ll7|lall9 

30121122123134123126127 

53.  NON-GOV 
PROPERTY  (IF 
NONE  PROCEED 
TO  61) 

1  !  !  1  1  I  1 

1  1  1  1  1  1  ! 

SECTION  F  -  TIMES  (24-HR  CLOCK) 

63.  ESTIMATED 

TIME  FIRE  FIRE  ALARM 

^llllllllllll■llllllllllll■lllllllllllll 

P.  0.  ARRIVED  EXTINGUISHED 

12  10  1  51  41  I  2)3)5  18  I 

nnii 

3«l3S|38l37|3«l39l<IOl«] 

«3|  43  1  44 U3  1461  471481  49 

. . . . . 

EilkLilU 

_ SECTION  G  -  BRIEF  NARRATIVE  OF  FIRE _ 

ON  20  NOVEMBER  1988  AT  2053  HOURS  EMERGENCY  COMMUNICATIONS  CENTER  RECEIVED  A  PHONE  CALL  REPORTING 
A  FIRE  AT  PIER  #4.  ENGINE  ONE  AND  TWO,  TRUCK  ONE  AND  DISTRICT  CHIEF  CAR  1-1  WERE  DISPATCHED.  ON 
ARRIVAL  FOUND  SMOKE  EMITTING  FROM  TRANSFORMER  VAULT  "B"  DOOR  ON  NORTHSIDE  OF  PIER.  ENGINE  ONE  AND 
CAR  1-1  ATTEMPTED  FORCEABLE  ENTRY  OF  VAULT  DOOR  UNTIL  HEARD  EXPLOSION  TAKE  PLACE  INSIDE  OF  VAULT. 
CAR  3  WAS  NOTIFIED  OF  EXPLOSION  AND  RESPONDED.  CAR  1-1  CALLED  FOR  PWC  ELECTRICIAN  THEN  MADE  ENTRY 
INTO  WAREHOUSE  TO  CHECK  FOR  FIRE  EXTENSION  IN  WAREHOUSE  SECTION.  CAR  3  ARRIVED  ON  SCENE  AND  SET 
DP  COMMAND  POST,  ALSO  STARTED  T.\KING  ME.«.SURES  AND  HANDLING  AS  A  PCB  FIRE.  PIERS  AND  STREETS  WERE 
BLOCKED  OFF  BY  BASE  POLICE.  CAR  3  CALLED  FOR  TWO  150#  HALON  CARTS  FROM  AIRFIELD  WHICH  FIRE  WAS 
EXTINGUISHED  WITH.  THE  SOURCE  OF  SMOKE  WAS  FOUND  TO  BE  A  TRANSFORMER  FIRE  LOCATED  IN  VAULT  "B". 
PWC  ELECTRICIAN  SECURED  POWER  TO  PIER  4.  FIRE  WAS  EXTINGUISHED  IN  TRANSFORMER.  FIRE  DEPARTMENT 
PERSONNEL  VENTILATED  WAREHOUSE  AND  COOLED  DOWN  TRANSFORMER  CORES.  INVESTIGATION  REVEALED  THAT 
FIRE  WAS  CAUSED  BY  A  MALFUNCTIONED  TRANSFORMER  WHICH  WAS  INSTAILED  ONE  MONTH  AGO.  THE  TRANSFORMER 
DID  NOT  CONTAIN  PCB'S.  TWELVE  FIREFIGHTERS  RESPONDED  WITH  DISTRICT  CHIEF  WILSON  AND  ASSISTANT 
CHIEF  DAVIS  IN  COMMAND  OF  FIRE  SCENE. 


EQUIPMENT:  ENGINE  ONE: 

ENGINE  TWO: 


1000  GPM  PUMPER 
1000  GPM  PUMPER 


TRUCK  ONE:  100'  AERIAL 


»n»  OlTAUMmf.MWV**. 
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DISTRIBOTION  LIST 


92  CES  /  DEEE,  Fairchild  AFB,  WA 
ADMINSUPU  /  PWO,  Bahrain,  FPO  New  York 

AF  /  1004  SSG/DE,  Onizuka  AFB,  CA;  18  CESS/DEEEM,  APO  San  Francisco;  314 
CES/DEEE  (Kinder),  Little  Rock  AFB,  AR;  6550  ABG/DER,  Patrick  AFB,  FL; 
6550  CES/DEEE,  Patrick  AFB,  FL;  92D  CES/DCME,  Fairchild  AFB,  WA; 
AFSC/DEEE,  Washington,  DC;  CES/DEMC  (Neal),  Sheppard  AFB,  TX 
AF  HQ  /  ESD/AVDS,  Hanscom  AFB,  MA 

AFB  /  42  CES/Ready  Officer,  Loring  AFB,  ME;  82nd  ABG/DEMCA,  Williams 
AFB,  AZ;  AUL/LSE  63-465,  Maxwell  AFB,  AL 
AFESC  /  DEB,  Tyndall  AFB,  FL;  DEMM/Ius,  Tyndall  AFB,  FL;  HQ,  RDVA  & 
RDVCW,  Tyndall  AFB,  FL;  TIC  Lib,  Tyndall  AFB,  FL 
AFIT  /  DET,  Wright-Patterson  AFB,  OH 
AFSC  /  4700  ADS  (SPT)  (TAC),  Peterson  AFB,  CO 
ANTARCTIC  /  Staffo,  Alexandria,  VA 

ARIZONA  STATE  UNIV  /  Design  Sci  (Kroelinger) ,  Tempe,  AZ 
ARMY  /  CEHSC-FU-N  (Krajewski),  Ft.  Belvoir,  VA;  Ch  of  Engrs,  DAEN-CWE-M, 
Washington,  DC;  Ch  of  Engrs,  DAEN-MPU,  Washington,  DC;  Engr  Cen, 
ATSE-DAC-LC,  Ft.  Leonard  Wood,  MO;  FESA-EM  (Karney),  Ft.  Belvoir,  VA; 
HQ,  FEAK,  EAFE-E-UE,  APO  San  Francisco;  HQDA  (DAEN-ZCM),  Washington, 
DC;  Kwajalein  Atoll,  CSSD-LA-LT,  APO  San  Francisco;  POJED-0,  APO  San 
Francisco;  QMSCH,  ATSM-CD,  Fort  Lee,  VA;  R&D  Cmd,  STRNC-US  (J  Siegel), 
Natick,  MA;  R&D  Lab,  STRNC-UE,  Natick,  MA 
ARMY  BELVOIR  R&D  CEN  /  STRBE-AALO,  Ft.  Belvoir,  VA;  STRBE-FS,  Ft. 

Belvoir,  VA;  STRBE-JB,  Ft.  Belvoir,  VA 
ARMY  CECOM  R&D  TECH  LIBRARY  /  ASNC-ELC-I-T,  Ft.  Monmouth,  NJ 
ARMY  CERL  /  CECER-EME  (Hayes),  Champaign,  TL;  Energy  Sys  Div,  Champaign, 
IL;  Lib,  Champaign,  IL 

ARMY  CORPS  OF  ENGRS  /  A.  Azares,  Sacramento,  CA 
ARMY  CRREL  /  Iskandar,  Hanover,  NH 

ARMY  DEPOT  /  Letterkenny,  SDSLE-EF,  Chambersburg,  PA;  Letterkenny, 
SDSLE-EN,  Chambersburg,  PA;  SDSNC-T-MOD-E,  New  Cumberland,  PA 
ARMY  EHA  /  HSE-RP-HG,  Aberdeen  Proving  Ground,  MD;  W630,  Aberdeen 
Proving  Ground,  MD 

ARMY  ENGRG  DIST  /  Lib,  Seattle,  WA;  Lib,  Portland,  OR 

ARMY  ENGRG  DIV  /  ED-SY  (Loyd),  Huntsville,  AL 

ARMY  EWES  /  GP-EC  (Webster),  Vicksburg,  MS;  Lib,  Vicksburg,  MS 

ARMY  HHC  /  7th  ATC,  Grafenwohr,  GE,  APO  New  York 

ARMY  MMRC  /  DRXMR-SM  (Lenoe),  Watertown,  MA 

ARMY  TRADOC  /  ATEN-FE  (Browe),  Ft.  Monroe,  VA 

ARMY  TRANS  SCH  /  ATSP-CDM  (Civil la).  Fort  Eustis,  VA 

ATLANTIC  RICHFIELD  CO  /  RE  Smith,  Dallas,  TX 

BATTELE  NEW  ENGLAND  MARINE  RSCH  LAB  /  Lib,  Duxbury,  MA 

BECHTEL  CIVIL,  INC  /  K.  Mark,  San  Francisco,  CA 

BRITISH  EMBASSY  /  Sci  &  Tech  Dept  (Wilkins),  Washington,  DC 

BUREAU  OF  RECLAMATION  /  D-1512  (GS  DePuy),  Denver,  CO 


CBC  /  Code  10,  Davisvllle,  RI;  Code  155,  Port  Huenerae,  CA;  Code  15731, 
Port  Huenerae,  CA;  Code  430,  Gulfport,  MS;  Code  82,  Port  Huenerae,  CA; 
Code  84,  Port  Huenerae,  CA;  PWO  (Code  400),  Gulfport,  MS;  PWO, 
Davisvllle,  RI 

CBU  /  401,  OIC,  Great  Lakes,  IL;  405,  QIC,  San  Diego,  CA;  411,  OIC 
Norfolk,  VA 

CHESNAVFACENGCOM  /  Code  114.1,  Washington,  DC 

CINCLANTFLT  /  CE  Supp  Plans  Offr,  Norfolk,  VA 

CINCPACFLT  /  Code  442,  Pearl  Harbor,  HI 

CINCUSNAVEUR  /  London,  UK,  FPO  New  York 

CITY  OF  AUSTIN  /  Gen  Svcs  Dept  (Arnold),  Austin,  TX 

CITY  OF  EAST  LANSING  /  N.  King,  East  Lansing,  MI 

CITY  OF  LIVERMORE  /  Dackins,  PE,  Livermore,  CA 

CITY  OF  RIVERSIDE  /  Bldg  Svcs  Dept,  Riverside,  CA 

CITY  OF  SACRAMENTO  /  Gen  Svcs  Dept,  Sacramento,  CA 

CITY  OF  WINSTON-SALEM  /  RJ  Rogers,  PWD,  Winston-Salem,  NC 

CNO  /  DCNO,  Logs,  OP-452,  Washington,  DC 

COGUARD  /  Superintendent,  New  London,  CT 

COGUARD  NSF  /  PACAREA,  Hamilton  AFB,  CA 

COGUARD  R&D  CEN  /  Lib,  Groton,  CT 

COLLEGE  OF  ENGINEERING  /  CE  Dept  (Akinmusuru) ,  Southfield,  MI 

COLUMBIA  GULF  TRANSMISSION  CO  /  Engrg  Lib,  Houston,  TX 

COM  GEN  FMF  /  LANT,  SCE,  Norfolk,  VA;  PAC,  SCIAD  (G5),  Camp  HM  Smith,  HI 

COMCBLANT  /  Code  S3T,  Norfolk,  VA 

COMFAIR  /  MED,  SCE,  Naples,  Italy,  FPO  New  York 

COMFLEACT  /  PWO,  FPO  Seattle;  SCE,  FPO  Seattle 

COMNAVACT  /  PWO,  London,  UK,  FPO  New  York 

COMNAVAIRSYSCOM  /  AIR-714,  Washington,  DC;  Code  422,  Washington,  DC 
COMNAVLOGPAC  /  Code  4318,  Pearl  Harbor,  HI 
COMNAVMARIANAS  /  Code  N4,  FPO  San  Francisco 
COMNAVRESFOR  /  Code  823,  New  Orleans,  LA 

COMNAVSURF  /  Code  N42A,  Norfolk,  VA;  LANT,  CO,  Norfolk,  VA;  PAC,  Code 
N-4,  San  Diego,  CA 

COMOCEANSYS  /  PAC,  SCE,  Pearl  Harbor,  HI 

COMOPTEVFOR  /  CO,  Norfolk,  VA 

COMSC  /  N7,  Washington,  DC 

COMSUBPAC  /  SCE,  Pearl  Harbor,  HI 

COMSURFWARDEVGRU  /  CO,  Norfolk,  VA 

CORRIGAN,  LCDR  S.  /  USN,  CEC,  Point  Mugu,  CA 

DEFENSE  DEPOT  /  PWO,  Ogden,  UT 

DEPCOMOPTEVFORPAC  /  Code  705,  San  Diego,  CA 

DEPT  OF  LABOR  /  Job  Corps,  (Mann),  Imperial  Beach,  CA 

DEPT  OF  STATE  /  Foreign  Bldgs  Ops,  BDE-ESB  Arlington,  VA 

DESC  /  Sec  Offr,  Dayton,  OH 

DFSC  /  F,  Alexandria,  VA 

DIA  /  DB-6E1,  Washington,  DC 

DNA  /  STTI/TL,  Washington,  DC 

DODDS  /  PAC,  FAC,  FPO  Seattle 

DTRCEN  /  Code  1235,  Annapolis,  MD;  Code  2842,  Annapolis,  MD;  Code  4111, 
Bethesda,  MD;  Code  4120,  Annapolis,  MD;  Code  42,  Bethesda,  MD;  Code 
421.1,  Bethesda,  MD 

DURLACH,  O'NEAL,  JENKINS  &  ASSOC  /  Columbia,  SC 


ENERCOMP  /  Amistadl,  Brunswick,  ME 
EPA  /  Region  I  Lib,  Boston,  MA 
ESCO  SCIENTIFIC  PRODUCTS  (ASIA)  /  PTE  LTD 
FAA  /  ARD  200,  Washington,  DC 

FCTC  /  LANT,  Code  182,  Virginia  Beach,  VA;  LANT,  PWO,  Virginia  Beach,  VA 

GEI  CONSULTANTS,  INC.  /  T.C.  Dunn,  Winchester,  MA 

GEORGIA  INST  OF  TECH  /  Arch  Col  (Benton),  Atlanta,  GA 

GRUMMAN  AEROSPACE  CORP  /  Tech  Info  Ctr,  Bethpage,  NY 

GSA  /  Code  Engrg  Branch,  PQB,  Washington,  DC;  Code  PCDP,  Washington,  DC 

GULATI,  RIPU  /  Rockville,  MD 

HERONEMUS,  W.E.  /  Amherst,  MA 

HQ  AFLC  /  DEMM,  Wright-Patterson  AFB,  OH 

HQ  AFRES  /  DEMM,  Robins  AFB,  GA 

INST  OF  MARINE  SCIENCES  /  Lib,  Port  Aransas,  TX 

KAISER  PERMANENTE  MEDCIAL  CARE  PROGRAM  /  Oakland,  CA 

KATSURA  CONSULTING  ENGRS  /  Y.  Katsura,  Ventura,  CA 

LAWRENCE  LIVERMORE  NATL  LAB  /  FJ  Tokarz,  Livermore,  CA;  Plant  Engrg  Lib 
(L-654),  Livermore,  CA 

LONG  BEACH  PORT  /  Engrg  Dir  (Llzzi),  Long  Beach,  CA 

MAG  /  16,  CO,  MCAS,  Tustln,  CA 

MAINE  MARITIME  ACADEMY  /  Lib,  Castine,  ME 

MARCORBASE  /  Base  Malnt  Dept,  Camp  Lejeune,  NC;  Code  4.01,  Camp 

Pendleton,  CA;  Code  404  PWD,  Camp  Lejeune,  NC;  Code  405,  Camp  Lejeune, 
NC;  Code  406,  Camp  Lejeune,  NC;  Facilities  Coordinator,  Camp 
Pendleton,  CA;  Maint  Offr,  Camp  Pendleton,  CA;  PAC,  FE,  FPO  Seattle; 
PAC,  PWO,  FPO  Seattle 

MARCORDIST  /  12,  Code  4,  San  Francisco,  CA 

MARCORPS  /  FIRST  FSSG,  Engr  Supp  Offr,  Camp  Pendleton,  CA 

MARCORPS  HQ  /  LFL  Washington,  DC 

MARITIME  ADMIN  /  MMA,  Lib,  Kings  Point,  NY 

MCAS  /  CID,  Kaneohe  Bay,  HI;  Code  lJD-31  (Huang),  Santa  Ana,  CA;  Code 
3JA2,  Yuma,  AZ;  Code  3JD,  Yuma,  AZ;  Code  6EDD,  FPO  Seattle;  Code  LE, 
Cherry  Point,  NC;  El  Toro,  Code  IJD,  Santa  Ana,  CA;  PWO,  Yuma,  AZ; 

PWO,  Kaneohe  Bay,  HI 

MCLB  /  Code  506,  Albany,  GA;  Code  555,  Albany,  GA;  Code  B520,  Barstow, 
CA;  PWO,  San  Diego,  CA 

MCRDAC  /  AROICC,  Quantico,  VA;  M  &  L  Dlv,  Quantico,  VA;  NSAP  Rep, 

Quant ico,  VA 

MICHIGAN  TECH  UNIV  /  CO  Dept  (Haas),  Houghton,  MI 
MILLER,  R.W.  /  San  Diego,  CA 

MISSOURI  /  Nat  Res  Dept,  Energy  Div,  Jefferson  City,  MO 
MOBIL  R&D  Corp  /  Offshore  Engrg  Lib,  Dallas,  TX 
MOFFATT  &  NICHOL  ENGRS  /  R.  Palmer,  Long  Beach,  CA 

NAF  /  Dir,  Engrg  Div,  PWD,  FPO  Seattle;  PWO,  FPO  San  Francisco;  PWO,  FPO 
Seattle 

NALF  /  OIC,  San  Diego,  CA 

NAS  /  Chase  Fid,  PWO,  Beeville,  TX;  CO,  Norfolk,  VA;  Code  072E,  Willow 
Grove,  PA;  Code  110,  FPO  Seattle;  Code  163,  Keflavik,  Iceland,  FPO  New 
York;  Code  183,  Jacksonville,  FL;  Code  18300,  Lemoore,  CA;  Code  18300, 
Kingsville,  TX;  Code  1833,  Corpus  Christi,  TX;  Code  187,  Jacksonville, 
FL;  Code  18700,  Brunswick,  ME;  Code  18E,  Bermuda,  FPO  New  York;  Code 
421,  San  Diego,  CA;  Code  504,  San  Diego,  CA;  Code  6234  (C.  Arnold), 


Point  !!fa(;u,  CA;  Code  70,  Marietta,  iGA;  Code  721,  *{ew  Orleans,  LA;  Code 
8,  Patuxent  Eiver,  MD;  Code  83,  Patuxent  River,  ID;  Dir,  En^rjK  Div, 
Meridian,  MS;  Dir,  Engrg  Div,  PVD,  Keflavik,  Iceland,  FPO  New  York; 

Fac  ifpBt  Offc,  Alaiaeda,  CA;  Meaphis,  Code  18200,  Millington,  TN; 

Menphis,  Dir,  Engrg  Div,  Millington,  TN;  Meaphis,  PffO,  Millington,  TN; 
Miraaar,  Code  i821A,  San  Diegp,  CA;  Miraaar,  PWO,  San  Diego,  CA; 

Miraaar,  PVO,  Code  183,  San  i/iego,  CA;  Miraaar,  PVO,  Code  187,  San 
Diego,  CA;  MI,  Code  183,  San  Diego,  CA;  Oceana,  PVO,  Virginia  Beach, 

VA;  PV  Engrg,  Patuxent  River,  Ifl);  PVD  (Grahaa),  Leaoore,  CA:  PVD  Maint 
Div,  Mew  Orleans,  LA;  PVO  (Code  6200),  Point  Nogu,  CA;  PVO,  Moffett 
Field,  CA;  PVO,  Villow  Grove,  PA;  PVO,  Meridian,  MS;  PVO,  Key  Vest, 

FL;  PVO,  Cecil  Field,  FL;  PVO,  Berauda,  FPO  Mew  York;  PVD,  Sigpnella, 
Italy,  FPO  Mew  York;  SCE,  FPO  San  Francisco;  SCE,  Barbers  Point,  HI; 

SCE,  Norfolk,  VA;  Sec  Offr,  Glenview,  IL;  Sec  Offr,  Dallas,  TX; 

Vhidbey  Is,  PV-2,  Oak  Harbor,  VA;  Vhidbey  Is,  PVE,  Oak  Harbor,  VA; 
Vhiting  Fid,  PVO,  Hilton,  FL;  Vpns  Offr,  Alaaeda,  CA 
NAS  AOAK  /  Code  114,  FPO  Seattle 
MAS  NPVC  /  Code  102  (J.  Aresto).  San  Diego,  CA 
MAS  PENSACOLA  /  Poplawski,  HAS  Pensacola,  FL 
NATL  ACADEMY  OF  ENGRY  /  Alexandria,  VA 

NATL  ACADEMY  OF  SCIENCES  /  BRB.  (Saeallie),  Washington,  DC 
NAVAIRDEVCEN  /  Code  832,  Varainstcr,  PA;  Code  8323  Varainster,  PA;  Code 
182,  L'^kehurst,  NJ 

NAVAIRENGCEN  /  Code  1822,  Lakehurst,  MJ;  Code  18232  (Collier), 

Lakehurst,  NJ 

NAVAIRPROPCEN  /  CO,  Trenton,  NJ;  Code  PW-3,  Trenton,  NJ 
NAVAL  ED  &  TRAIN  CEN  /Util  Dir,  Newport,  RI 

NAVAVIONICCEN  /  Code  D-701,  Indian  polis,  IN;  PVO,  Indianapolis,  IN 
NAVAVNDEPOT  /  Code  011,  Norfolk,  VA;  Code  640,  Pensacola,  FL;  SCE, 

Norfolk,  VA 

NAVCAHS  /  MED,  SCE,  Naples,  Italy,  FPO  New  York;  PWO,  Norfolk,  VA;  SCE, 
Vahiawa,  HI;  WESTPAC,  SCE,  FPO  San  Francisco 
NAVCOASTSYSCEN  /  CO,  Panama  City,  FL;  Code  423,  Panama  City,  FL;  PWO 
(Code  740),  Panama  City,  FL;  Sec  Offr,  Panama  City,  FL 
NAVr,'1MSTA  /  CO,  FPO  San  Francisco;  Code  018,  Stockton,  CA;  PWO,  FPO  San 
Francisco;  PWO,  Thurso,  UK,  FPO  New  York 
NAVCONSTRACEN  /  CO,  Port  Hueneme,  CA;  Code  B-1,  Port  Hueneme,  CA;  Code 
D2A,  Port  Hueneme,  CA;  Code  S24,  Gulfport,  MS 
NAVFAC  /  Centerville  Bch,  PWO,  Ferndale,  CA;  N62,  Argentina,  NF,  FPO  New 
York;  PWO  (Code  50),  Brawdy  Wales,  UK,  FPO  New  York;  PWO,  Oak  Harbor,  WA 
NAVFACENGCOH  /  Code  04A3,  Alexandria,  VA;  Code  04A3C,  Alexandria,  VA; 

Code  04A4E,  Alexandria,  VA;  Code  04B3,  Alexandria,  VA;  Code  051A, 
Alexap'*’- ia,  VA;  Code  06,  Alexandria,  VA;  Code  07,  Alexan  dria,  VA;  Code 
083,  Alexandria,  VA;  Code  163,  Alexandria,  VA;  Code  1651,  Alexandria, 

VA;  Code  1653  (Hanneman),  Alexandria,  VA;  Code  DS02,  Alexandria,  VA 
NAVFACENGCOH  CHESDIV  /  Code  112.1,  Washington,  DC;  FPO-IPL,  Washington,  DC 
NA', FACENGCOM  CONTRACTS  /  AROICC,  Colcville,  CA;  AROICC,  Quantico,  VA; 

Code  922,  Everett,  WA;  DROICC,  FPO  Seattle;  DROICC,  Lemoore,  CA; 
ENGFLDACT  NW  (Code  09E),  Silverdalc,  WA;  OICC/ROICC.  Norfolk,  VA; 

ROICC  (Code  49"1,  Port.smoiith ,  VA;  ROICC,  Twentynine  Palm.s,  CA;  ROICC, 
Point  Miigii,  CA;  ROICC,  Crane,  IN;  ROICC,  Santa  Ana,  CA;  ROICC, 
Philadelphia,  PA;  SW  PAC,  OICC,  APO  San  Franci.sr.o 


MAVFACENGOXf  UNTDIV  /  BR  OFC,  OIS.  Naples,  Italy,  FFO  New  York;  Code 
111,  Norfolk,  VA;  Code  1632,  Norfolk,  VA;  Code  2011,  Norfolk,  VA;  Code 
A03,  Norfolk,  VA;  Code  405,  Norfolk,  VA;  Code  408,  Norfolk,  VA 
NAVFACENOCOf  NORTHDIV  /  CO,  Philadelphia,  PA;  00,  Philadelphia,  PA;  CO, 
Philadelphia,  PA;  Code  04,  Philadelphia,  PA;  Code  111,  Philadelphia, 

PA;  Code  1612/FB,  Philadelphia,  PA;  Code  202.2,  Philadelphia,  PA;  Code 
408AF,  Philadelphia,  PA 

NAVFACENGCOH  PACDIV  /  Code  102,  Pearl  Harbor,  HI;  Code  2011,  Pearl 
Harbor,  HI 

NAVFACENGCOH  SOUTHDIV  /  Code  04A3,  Charleston,  SC;  Code  1021F, 

Charleston,  SC;  Code  102B,  Charleston,  SC;  Code  1112,  Charleston,  SC; 

Code  403  (S.  Hull),  Charleston,  SC;  Code  405,  Charleston,  SC 
NAVFACENGCOH  SOUTHUESTDIV  /  Code  101.1,  San  Diego,  CA;  Code  1812,  San 
Diego,  CA 

NAVFACENGCOH  VESTDIV  /  Code  09B,  San  Bruno.  CA  Code  09P/20,  San  Bruno. 

CA;  Code  102,  San  Bruno,  CA;  Code  405,  San  Bruno,  CA;  Code  407,  San 
Bruno,  CA;  PAC  Ntf  Br  Offc,  Code  C/42,  Silverdale,  WA;  ROICC, 

Silverdale,  VA 

NAVHOSP  /  CO,  Millington,  TN;  PVO,  FPO  Seattle;  SCE,  FPO  Seattle;  SCE, 

FPO  San  Francisco;  SCE,  Newport,  RI;  Sec  Offr,  Pensacola,  FL 
NAVMAG  /  Code  09,  Lualualei,  HI;  SCE,  FPO  San  Francisco 
NAVMEDCOH  /  Code  43,  Barbers  Point,  HI;  NVREG,  Fac  Engr,  PVD,  Oakland, 

CA;  NVREG,  Head,  Fac  Hgpt  Dept,  Oakland,  CA;  SVREG,  SCE,  San  Diego,  CA 
NAVHEDRSCHINSTITUTE  /  Code  47,  Bethesda,  HD 
NAVMEDRSCHU  /  Three,  PVO,  Cairo,  Egypt,  FPO  New  York 
NAVOCEANCOHCEN  /  Code  EES,  FPO  San  Francisco 
NAVOCEANO  /  Lib,  NSTL,  MS 

NAVOCEANSTSCEN  /  Code  182  (Saaldino),  San  Diego,  CA;  Code  94,  San  Diego,  CA 
NAVORDSTA  /  Code  0922B1,  Indian  Head,  HD;  Indian  Head  DET,  McAlestcr, 

OK;  PVO,  Louisville,  KY;  SCS13,  Indian  Head,  HD 
NAVPETOFF  /  Code  8D107,  Alexandria,  VA;  Sec  Offr  (Code  20),  Alexandria,  VA 
NAVPGSCOL  /  Code  1424,  Lib,  Monterey,  CA;  E.  Thornton,  Monterey,  CA; 

PVO,  Monterey,  CA 

NAVPHIBASE  /  PWO,  Norfolk,  VA;  SCE,  San  Diego,  CA 
NAVPVC  /  Taylor,  Pensacola,  FL 
NAVSCOLCECOFF  /  Code  C35,  Port  Hueneroe,  CA 
NAVSCSCOL  /  PWO,  Athens,  GA 

NAVSEA  DET  /  NISMF  Pearl  Harbor,  Director,  Waipahu,  HI 
NAVSEACENPAC  /  Code  950,  San  Diego,  CA 
NAVSEASYSCOM  /  Code  56Z4,  Washington,  DC 
NAVSECGRU  /  Code  G43,  Washington,  DC 

NAVSECGRUACT  /  Code  31  PWO,  FPO  Miami;  PWO  (Code  40),  Edzell,  Scotland, 

FPO  New  York;  PWO,  FPO  Seattle;  PWO,  Sonoma,  CA;  Sec  Offr,  Winter 
Harbor,  ME;  SECMAN,  Homestead,  FL 
NAVSECSTA  /  Code  60,  Washington,  DC;  Code  N70,  Washington,  DC 
NAVSHIPREPFAC  /  SCE,  FPO  Seattle;  SCE,  FPO  San  Francisco 
NAVSHIPYD  /  Carr  Inlet  Acoustic  Range,  Bremerton,  WA;  Code  106.4 
Starynski,  Philadelphia,  PA;  Code  202.5  Lib,  Brem.erton,  WA;  Code 
244.13,  Long  Beach,  CA;  Code  308.05,  Pearl  Harbor,  HI;  Code  308.3, 

Pearl  Harbor,  HI;  Code  382.3,  Pearl  Harbor,  HI;  Code  420,  Long  Beach, 

CA;  Coda  443,  Bremerton,  WA;  Code  450,  Bremerton,  WA;  Code  450.4, 
Charleston,  SC;  Code  453,  Charleston,  SC;  Code  830.1,  Pearl  Harbor, 


HI;  Code  903,  Long  Beach,  CA;  Hare  Is,  Code  202.13,  Vallejo,  CA;  Hare 
Is,  Code  401,  Vallejo,  CA;  Hare  Is,  Code  421,  Vallejo,  CA;  Hare  Is, 
Code  440,  Vallejo,  CA;  Hare  Is,  Code  4S3,  Vallejo,  CA;  Hare  Is,  Code 
457,  Vallejo,  CA;  Hare  Is,  PVO,  Vallejo,  CA;  Korfolfc,  Code  3S0, 
PortstBonth,  VA;  Norfolk,  Code  440,  Portsaonth,  VA;  Norfolk,  Code 
450'HD,  Portsaouth,  VA;  PVO  (Code  400),  Long  Beach,  CA;  FWO, 
Charleston,  SC;  Sec  Offr,  Portsaouth,  NH;  Tech  Lib,  Portsaouth,  NH 
KAVSTA  /  CO,  Long  Beach,  CA;  CO,  Brooklyn,  NY;  Code  0DA2,  San  Diego,  CA; 
Code  4216,  Hayport,  FL;  Code  423,  Norfolk,  VA;  Code  N4214,  Hayport, 

FL;  Design  Sec,  Bro<dclyn,  NT;  Dir,  Engr  Div,  FVD,  Guantanaao  Bay, 

Cuba,  FPO  New  York;  Engrg  Dir,  FVD,  Rota,  Spain,  FTO  New  York;  PVO, 
Hayport,  FL;  PVO,  Rota,  Spain,  FPO  New  York;  SCE  Pearl  Harbor,  HI;  Sec 
Offr,  FPO  San  Francisco;  Util  Engrg  Offr,  Rota,  Spain,  FPO  New  York; 
Code  423,  FPO  Norfolk,  VA 
NAVSUPCEN  /  Code  700A.1,  Norfolk,  VA 

NAVSUPPACT  /  CO,  Naples,  Italy,  FPO  New  York;  PVO,  Holy  Loch,  UK,  FPO 
New  York;  PVO,  Naples,  Italy,  FPO  New  York 
NAVSUPPFAC  /  Code  300,  FPO  Miaai;  Contract  Assistant,  FPO  San  Francisco 
NAVSUPPO  /  DIR,  Transp  Div,  La  Maddalena,  Italy,  FPO  New  York;  Sec  Offr, 
La  Haddalena,  Italy,  FPO  New  York 

NAVSUPSYSCOM  /  Code  0622,  Vashington,  DC;  Code  XBl,  Washington,  DC 
NAVSVC  /  CO,  Dahlgren,  VA;  Code  C83,  Dahlgren,  VA;  Code  G-52  (Duncan), 
Dahlgren,  VA;  Code  V42  (GS  Haga),  Dahlgren,  VA;  DET,  White  Oak  Lab, 
Code  H-101,  Silver  Spring,  HD;  DET,  White  Oak  Lab,  PWO,  Silver  Spring, 
HD;  PWO,  Dahlgren,  VA 
NAVTECirrRACEN  /  SCE,  Pensacola,  FL 
NAVTRASTA  /  PWO,  Orlando,  FL 
NAVUSEAWARENGSTA  /  Code  OlOA,  Keyport,  WA 

NAVWPNCEN  /  Code  24,  China  Lake,  CA;  Code  2634,  China  Lake,  CA;  Code 
2637,  China  Lake,  CA;  PWO  (Code  266),  China  Lake,  CA 
NAVWPNSTA  /  Code  092,  Concord,  CA;  Code  092A,  Seal  Beach,  CA;  Code  093, 
Yorktown,  VA;  Code  104,  Charleston,  SC;  Code  lOB,  Concord,  CA;  Det, 
Code  F150,  Fallbrook,  CA;  PWO,  Yorktown,  VA 
NAVWPNSTA  EARLE  /  Code  092,  Colts  Neck,  NJ;  PWD  (Lengyel),  Colts  Neck, 
NJ;  Sec  Offr,  Colts  Neck,  NJ 

NAVWPNSUPPCEN  /  Code  0931,  Crane,  IN;  Code  095,  Crane,  IN;  Code  101, 
Crane,  IN 

NCR  /  20,  CO,  Gulfport,  MS;  20,  Code  R70,  Gulfport,  MS 
NEESA  /  Code  lllC  (Hickenbottom) ,  Port  Hueneme,  CA;  Cede  lllE 

(McClaine),  Port  Hueneme,  CA;  Code  111E3,  Port  Hueneme,  CA;  Code  113M, 
Port  Hueneme,  CA;  Code  113M2,  Port  Hueneme,  CA 
NETPMSA  /  Tech  Lib,  Pensacola,  FL 
NEW  MEXICO  SOLAR  ENERGY  INST  /  Las  Cruces,  NM 
NEW  YORK  /  Energy  Office,  Albany,  NY 

NMCB  /  3,  Ops  Offr,  FPO  San  Francisco;  40,  CO,  FPO  San  Francisco;  74, 

CO,  FPO  Miami 

NOAA  /  Dir,  Pac  Marine  Cen,  Seattle,  WA 

NORDA  /  Code  1121SP,  NSTL,  MS;  Code  352,  NSTL,  MS 

NORTHDIV  CONTRACTS  OFFICE  /  ROICC,  Portsmouth,  NH;  ROICC,  Colts  Neck,  NJ 
NPWC  /  Code  310,  Pensacola,  FL 
NPWD  /  Code  418,  Seattle,  WA 

NRL  /  Code  2511,  Washington,  DC;  Code  2530.1,  Washington,  DC;  Code  4670, 
Washington,  DC;  Code  6123,  Washington.  DC 


NSC  /  Code  02,  Pearl  Harbor,  HI;  Code  43,  Oakland,  CA;  Code  54.1, 
Norfolk,  VA;  Code  70,  Oakland,  CA;  Code  70,  Oakland,  CA;  Code  700, 
Norfolk,  VA;  Code  703,  Pearl  Harbor,  HI;  SCE,  Norfolk,  VA;  SCE, 
Charleston,  SC;  Sec  Offr,  San  Die^,  CA;  Sec  Offr,  Charleston,  SC 
NIC  /  Code  FT  19-33,  Great  Lakes,  IL 
NOHN  &  ASSOC  /  A.C.  Nahn,  Vayzata,  Ml 

NUSC  UET  /  Code  2143  (Varley),  Neff  London,  CT;  Code  52,  Neff  London,  CT; 

Code  5202  (Schady)  Neff  London,  CT 
NHSTAT  /  ROICC,  Colts  Neck,  NJ 
OCNR  /  NHL  (Proot),  Alexandria,  VA 

OFFICE  OF  SEC  OF  DEFENSE  /  OASD  (P&L),  Vashington,  DC;  OASD  (PAL)E, 
Washington,  DC 

OICC  /  Engr  and  Const  Dept,  APO  Neff  York 

PHIBCB  /  1,  CO,  San  Diego,  CA;  1,  ELCAS  Offer,  San  Diego,  CA 

PHIBCB  TWO  /  CO,  Norfolk,  VA 

PHTC  /  Code  5041,  Point  Hugu,  CA 

PURDUE  UNIV  /  Engrg  Lib,  West  Lafayette,  IN 

FWC  /  ACE  Office,  Norfolk,  VA;  CO,  Oakland,  CA;  Code  101,  Great  Lakes, 
IL;  Code  1011,  Pearl  Harbor,  HI;  Code  1013,  Oakland,  CA;  Code  102, 
Oakland,  CA;  Code  123C,  San  Diego,  CA;  Code  30V,  Norfolk,  VA;  Code 
400,  Oakland,  CA;  Code  40CA.3,  FPO  San  Francisco;  Code  420,  Oakland, 
CA;  Code  421  (Kaya),  Pearl  Harbor,  HI;  Code  421  (Kiaura),  Pearl 
Harbor,  HI;  Code  421  (Quin),  San  Diego,  CA;  Code  421  (Reynolds),  San 
Diego,  CA;  Code  422,  Ssn  Diego,  CA;  Code  423,  San  Diego,  CA;  Code 
423/ICJF,  Norfolk,  VA;  Code  430  (Kyi),  Pearl  Harbor,  HI;  Code  4450A  (T. 
Raaon),  Pensacola,  FL;  Code  50,  Pensacola,  FL;  Ckxie  500,  Norfolk,  VA; 
Code  505A,  Oakland,  CA;  Code  590,  San  Diego,  CA;  Code  600,  Great 
Lakes,  IL;  Code  610,  FPO  San  Francisco;  Code  610,  San  Diego,  CA;  Code 
612,  Pearl  Harbor,  HI;  Code  612,  Pearl  Harbor,  HI;  Code  615,  FPO  San 
Francisco;  Code  616,  FPO  San  Francisco;  Code  640,  San  Diego,  CA;  Code 
700,  Great  Lakes,  IL;  Engr  Dept  (R  Pascua),  Pearl  Harbor,  HI;  Lib,  FPO 
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